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Preface 

Piitkrm of Lijii has Ijcim written in the conviction that there 
is a need for a book desmibing the natural history, and such 
details of the external structure as can be seen with the naked 
.;ye or the aid of a good hand lens, of common plants and 
animals. 

‘"00 many students of liiology arc larailiar with the micro- 
■" ' pic appcaranci; of tissues and oi’gans of plants and animals, 

\ ale they are unfamiliar witli the appearance of the whole 
/iganisms; have no idea where to search for living specimens; 
.:iikI !ire quite ignorant of their natural history. 

.Sinc(; so much ol'tlie liiology ol‘living organisms has signifiC” 
ioaa^ only in nbition to the lives led liy those orgiuiisms in their 
natural surroundings, there can be little doubt that a study of 
lihilogy should iKjgin with re.d natural history. The know- 
lfdi;e SCI acquir’d will illumine and vitalise the formal courses 
ol'moi phology, physiology, ecology, and even genetics, that 
!!tay billow later. 

t iuliirtmuitely, real natural history cannot be learned in the 
'cbi.iilroom; nor are occasional expeditions undertaken by 
schi.nl classes altogether succcshIuI, because many of the more 
mtii'csiiiig phenomena of natural history do not occur to suit 
school timetables. Hueh exciting jihcnomcna as an otter 
lisliirig, small birds molibing a cuckoo, a mother rabbit van- 
qni.shing a stoat, tlic emergence of a dragonfly from its nymph, 
or the overland journey oi’ an eel making its way to a river, 
a I f not seen every day, Tliey are to be regarded as bonuses, 
special dividends jiakl to those who spend much time, in a 
tecepiivc frame of mind, out ol' doors, (lonseqiiently, the 
sm-cessful teacher is probably tlie one who can inspire at 
Lust some of his pupils to study live plants and animals in 
iht'ir spare time. It is to such pupils, with whom natural 
liisi'H V is going to become a hobby, that this book is primarily 
addrt^sed. Tlu‘ir agi‘s will range from eleven upwards, and 
ih 'V will be drawn both fntm the modern schools and the 
gr iU'mar schools. 

I have my,self derived very great enjoyment, and much 
ii.ught into the princtj)k.s of biology, from collecting various 
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groups of organisms. I have assumed throughout this book 
that the student will collect one or more groups of plants or 
animals, or at the very least will search for and find the various 
specimens described. The collections themselves, when 
assembled, will be of little value, but it is the activity of 
making them that is so important. 

In the Report of the Wild Life Conservation Committee on 
Tk Conservation of Mature in England and Wales, the following 
passage appears as a footnote to p. 7: . . the collecting of 

natural history specimens as a means of stimulating interest 
and for the purpose of acquiring knowledge, of course forms 
an essential part of field studies.” 

Further on, par. 115 lays down: 

“But the fact that a very few people grossly abuse this 
activity (viz., collecting) must not be allowed to blind us to 
its importance. We wish to make it abundantly clear that we 
regard the collection and photography of natural history 
objects as a valuable method of stimulating study and bringing 
about that widening of public interest in nature which is 
essential to the lasting success of our proposals. Indeed, the 
scientific study of nature depends upon the collection of a 
sufficient array of specimens for the purposes of close examina¬ 
tion and record. Moreover, collecting can by education be 
directed into useful channels. In its broadest sense it includes 
such widespread activities as children’s birds-nesting and the 
picking of wild flowers.” 

Some surprise may be evoked by the absence from this book 
of chapters on birds, mammals, and reptiles. These omissions 
are deliberate. In my opinion birds do not, as a rule, form a 
good group for study by young naturalists. For those, and they 
are many, who develop a keen interest in birds, there are 
plenty of excellent bird books to be obtained. Reptiles, in most 
parts of the British Isles, are seldom seen, and even more 
seldom caught; hence, in a book whose emphasis is upon 
catching and collecting specimens, they have no place. Finally, 
I thought that it would be an ill use of the space available to 
discuss the mammalian pattern, because man himself, and his 
principal domestic animals, belong to the mammalian group. 

I make no apology for the fact that no less than eight chapters 
are devoted to insects. Specimens of most of the insects 
described are easy to obtain in numbers. In most instances 


they can easily be reared and their life histories followed. From 
the great diversity of insect life in the British Isles most facets 
of biology can be illustrated. Indeed, the study of no other 
group can ofler so rich a reward to the biologist. 

A number of keys have been provided in the hope that their 
use will lead to some enjoyment, and also to some appreciation 
of the type of structural characters by which one species differs 
from another. Keys are never easy to use, and the ones given 
in this book suffer from the disadvantage that only relatively 
easily seen features have been used'in their construction, and 
also that the use of technical terms has been avoided as far as 
possible. However, when several representative species are 
available for comparison, and when some experience in the 
use of a particular key has been gained, no undue difficulty 
should be encountered. 

For many students of natural history, the plethora of 
scientific names frequently proves an awkward stumbling block. 
I think the reason lies not in any inherent difficulty in the words 
themselves, but rather in a student’s inability to pronounce, in 
the absence of instruction, words that are Latin or Greek in form. 
In an attempt to overcome this difficulty, 1 have supplied a 
pronunciation after most of the scientific terras. For many 
words (e.g., species, crustaceans) biologists themselves are not 
agreed upon a pronunciation. Consequently, in deciding on 
pronunciations, I have accepted the opinion of a classics scholar. 
The decision not to give the pronunciations in phonetic spell¬ 
ing was taken after due consideration. 

With very few exceptions the drawings and photographs have 
been made by myself from actual specimens. In two instances 
only have I been compelled to make drawings from photo¬ 
graphs. 
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GHAPTER ONE 

How to Collect 


'' l"'liIS hook on naltin; .slndy is written to help you to know 
* something of the, plants ;uid animals that are to he Ihimd in 
Grtxit Britain. It sliould eualtle you to rceognise at least tint 
main gnmjts to whieh Belong the partieiilar spedmens yon 
may find, and should lielp you to tmthastand their stnietiire, 
their motleoriilb, and lln^ proitlians tln;y have to solve in their 
.struggle to exist. However, naturtr i.:anutjl lie studied mendy 
hy reading books, Bome farts may In; learned in tliat way, l)iit 
unless tme goes (lul to stsirrh for and observe plants and aiiinials 
in their natural sunouudings, these facts ean lie extremely dull 
aud tneaiungless thitigs. Indeed, it is aiisoliilely true tii stiy 
that nalnral history can he learinxl only hy oliservliig living 
things in ihdr natural homes, hy collecting them, drawing 
iheiii, and, as far as possihle, rearing ihetii. 

Titere are so many diilercnt kinds ol living things that it is 
diilieull to know iiow to liegin a study ol natural history.^ 
Prohalily the best of till ways to start is to iisake collections ot 
some of the more easily recog'uised gnpips. In studying ;uid 
seardting for them, unlamiliar foims will he met with, aud in 
this way as <nuAs knowledge increases, one’s inlert'sli i)ri)adeu. 

Gollecthig is condemned hy sonit' people as a usttless hobby; 
hut such persons (overlook the f.iei that the mukiiig of a coliee- 
lion teaches one an invaluable, ununiu! of the kind ol Natural 
History that cannot he leunicd from hooks, It does not. iiuUtci 
tliiit later on the collection may lx* ucglected^ ami lorgotieii, 
and speeimetts liecome mouldy aud eaten hy mites, hi making 
it, you will Iiiive learned the names and someihing of the struc¬ 
ture and hahits of many plants aud animals, and s«in»’ ol these, 
yon will recognise as old friends liir the rest ol your liltx Vou 
will also have c.ome to iccognise th.it jjarliimlar plants and 
animals live in .some places aud not in others, apjiear .U certain 
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definite times of the year, iiave certain devices to keep them 
iiiddcn from enemies: in sliorl, that (‘very plant and every 
animal has its own personal way of Hie. 

At the same time it must be said that certain of our English 
plants and animals are now so rare that t;here is a danger that 
they will become extinct. Plants such, as the Snake’s Plead, the 
Spider Orchid, and Pheasant’s Eye, and butterflies such as the 
Jhu’ple Emperor, Large '.I'ortoiscshell and White liettcr Hah-' 
streak, arc all quite rare. It would be most distressing if wc, 
as collectors, helped to bring about the extinction of these 
forms in the British Isles. It is essential not to become the 
type; of collector who cannot tolerate an empty space in his 
cabinet. I sugg'cst that you imike collections of tlie common 
forms of plant and animal Hie that occur in distinct kinds of 
places. For instance you might choose to collect from one or 
more of the ibllowing:—-a normal English oak wckkI, an ever¬ 
green wood, a sand or gravel pit, a hetitli or common, open 
mcadowlarid, hedgerows, waste spaces in towns, or any other 
place that siigg(.!StH itself. If you live in the country, you can 
mak(; a most intcrcsling collection from cornlields. After a year 
or two you will be interested to find tlie way in w'hieh your 
various collections resemble, and dilfer from, one another. On 
holidays you may liave tlic opportunity to make collections 
from place.s similar to those you are already studying but in 
different parts of the country. 

One of the greatest difficulties the young naturalist has to 
face is that of naming his specimens. Yon may find a toadstool 
with many tiny holes in its cap and break it open to discover a 
number of .small insects inside. What kind of insects are they, and 
what is their name? Are they all of one kind? What is the name 
of the toadstool? These tire questions whicli even experts 
might not always find easy to answer, so you must not expect 
too much. For most purposes it will suffice if, at first, you can 
recognise tlie group to which a given specimen belongs—a 
drtigonfly, beetle, moth, fern, moss, or whtitcver it may be. In 
certain ca.ses I have supplied “kcy.s” which, with careful use, 
may enable you, with jxpmmcei to find the actual names. 
There are only a few keys in this book; but at the end I have 
added a list of books that will give you further ussisUmcc in 
finding the names of the members of tlrose groups in which you 
become especially interested. 
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Equipment 

In order to study Natural History properly there are certain 
items of equipment that you must have. Most of them can be 
made at home. 

A magnifying glass or, as it is better called, a hand lens, is 
absolutely indispensable. The hand lens should be fairly 
powerlul; if possible, it should magnify at least eight or ten 
times. Many lenses have their magnifying power marked on 
them by means of a cross followed by a number (e.g., X 8 on 
a lens means that particular lens has a 

r A magnifying power of 8). Tho.se lenses 

\ I which have the shortest focal length are 
''1 the most powerful. To find the focal 




Fig. i.—Lcfi: the correct way to use a hand lens. Right: a useful type of hand 
lens, having glas.ses of three different powens. 


length, stand inside a room as far as possible from a window 
and hold the lens so that light from the window passes through 
the lens on to a wall, or piece of white paper, or^ even the 
back of your other hand. By moving the lens you will be able 
to make a small picture of the window appear. This image will 
be upside down. When the picture is quite sharp (in focus) the 
distance from the lens to the picture is roughly the focal length of 
the lens, A suitable lens will have a focal length off to i| 
inches. It is possible to buy three lenses of different focal lengths 
in a single holder (Fig. i). These may be used either singly 
or together, and so will give various magnifications. 

Hand lenses are frequently used incorrectly. The proper way 
is to place the lens close to your eye and then toy bring the 
object you wish to examine towards the lens until it is distinctly 
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visible. With a lens of the power I have recommendedj the 
object will then be only about an inch away from the glass. 
At first you may find that the object is not seen clearly. This 
is generally because you have not enough light falling on it. 
Remember that for success with a hand lens, plenty of light is 
(!SS(;ntial. You will have to learn to hold up your head when 
(ixamining objects, and not to crouch over them with your 
lieacl cutting off most of the light. If you are indoors, try to get 
near a window. For examining small objects that cannot be 
easily held in the fingers, I find it best to place them on the 
l)ack of my left hand, on the little groove just behind the 
knuckles of the first and second fingers. I then bring this hand, 
with tlic object upon it, towards the lens which is held in front 
of my ey(s with the right hand (Fig. i). If the object is 
examined in the palm of the hand most of the light is cut off. 
IleniemlRT also, that it is impossible to obtain good results with 
a dirty lens. Clean your lens frequently, using a soft handker¬ 
chief that will not scratch the glass. Do not carry an unpro- 
lectcd lens loose in your pocket. 

To collect plants and animals you will require a certain 
amount (jf other equipment. Tobacco tins, especially the flat 
sort, are very serviceable in themselves, or may be used to con¬ 
tain about half a dozen small glass tubes. These tubes can be 
liought from apparatus dealers; but empty aspirin tubes serve 
equally well If you arc at school, persuade your science 
master to give you short pieces of glass tubing that are of no 
further use to him. They need be only i inch or so long. When 
the ends arc plugged with cotton wool they make excellent 
containers for small insects, snails, and small dry fruit. 

Round tobacco tins and cocoa tins make good live boxes for 
motlis, grasslioppers, frogs, newts, mice, and the like. It is 
desirable to have air-holes in the lid. These can be simply 
made by punching them out with a nail. It is best to support 
the lid on a small , piece of wood and drive the nail through the 
lid from tlic outside. Then the jagged edges will be inside and 
not cause you any trouble. A more finished product can be 
obtained by cutting away the tin from the centre of the lid and 
soldering a piece of perforated zinc over the hole thus made. 
This will provide you with an excellent “live box” (Fig. 2). ^ 

A supply of tins, with cork fixed to the bottom, in which 
insects can be pinned, will be necessary. The tins should be 
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between one and two inches deep. Certain throat-pastille tins, 
or the square “Oxo” tins are quite suitable. Cut a piece of cork 
sheet (e.g., an old table mat) to the shape of the bottom of the 
tin. It is best cut with a sharp knife on a board, using a ruler or 
other straight edge to guide the knife, Then obtain four paper 
clips of the type that open out (Fig. 2^). Punch four holes, one 
near each corner of the bottom of the tin. Push a paper clip 




(b) 

Fig, 2 ,--Useful equipiaeiit: (a) a two-ounce tobacco tin used to contain glass 
specimen tubes; (6) a home-made scalpel consi.sting of a portion of an "Ever 
Ready" type rasior blade, (e), fixed into a wooden handle with sealing wax; 
{d) a live-box made by soldering perforated zinc over a hole cut in the lid of a 
small tin; («) a mounted netxlle; (/) show.s how sheet cork may. be fastened 
into the bottom of tins by means of paper clips (g). 

through each hole, and then through the cork, making holes 
in the cork with the blade of a pair of scissors. Finally bend 
back the flaps of the clip (Fig. 2/). For small tins two clips 
will be sufficient. If you so desire, you can cover the cork 
with white paper, sticking it down with gum or flour paste, 
Flour paste may be made by mixing a heaped teaspoonful of 
flour with sufficient cold water to form a smooth paste, and 
then adding a further half a cupful of cold water. Bring it 
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slowly to tlu^ boil, stirring all tin; time, and dum allow the 
paste to e,ool Indin'c using it. 

You will oertainly nujuive one or two moiiuted neiuiles. 
Tliese are ordinary short darning needles pushed into a w'ondeii 
haiiille. Clioo.se, a stout needle about i| inches long. Make a 
handle about 3 iiiclies long and us tliiek as a pcneil, I'rom some 
soft wood sueli a,s iilne. 'It’im it with a kniU;, satidjtaper it 
smooth, a,lid tlien uuike a hole up the centre with a drill or 
very tliin nail Gripiiing the needle with a pair of pliers, push 
the liead oftlie neeiile into the, handle. Wlien not in use, the 
l«iint (jl.' the nei'dle .should be protected, so that it will not 
i'leeome lilunt, 

A razor blade, one of the “Ever-ivady” ly{>e that has a stiff 
jiiece of mettd opposite to tlie cutting edge, is very useful It 
sliould be kept In a 'unall fin and eovereil, with e.otlou wool to 
lirfitect ils edge, To niiike a handy scalpel (dissecting knife) 
tali' one 1 if these blades itnd with a pair of pliens break off tri- 
ane.nlar pieetM Im ineiude a ])orfIi(U of the euttiiig edge. The 
1110’, 1 Miitalih* 111 'duM' jiieee; can Llieii lie inserted in a cleft 
nuuleiii a wooden ham '*■ and iixed whii .sealing wus. (Fig, 2 h), 

To collect iilauis ■ ' It) Y ep them iVesli for a day or two, 

yon will reipiire a, va Inin a on with a lighlly-littlng 

liil A I lit. eoei hi 'll serve, hut a larger tin ts better. A 

'Ujiiafi- bi'«f;uii tin r; msi of all 

Jam-pots are iiidispnisaitle for In itiglive 'vatures, If they 
are ii'a-d for pond eivaiiiivs, dw sboiill he covered with a 
ladlable piece of glas.c If used for i, cb and the like, cover 
die itiji with a [lieee oi'cloili and hold it in position with an 
elastie band or a, thit;k |iiet:e of string. (I advise lliick .string 
bt-mui'-e it is easier to untie than 'bin .string). 

i'br I'rariug-citge.s, much cun lie dime with Jam-pots and 
(avdboaid la txec ()iii biiekeis and basins .sui'l' into the garden 
and lilled with wau-r make <[tiite serviceable " jiunds” iu which 
vt»n can grow- certain water plants and keep) a wide variety of 
ilu* MUidler ]}ond animals all the year round. Shallow ponds, 
luAvever, arc liable to freeze solid in very frosty weather, and 
tin- titnlainer will eraek ifil is of earthenware or gl:M, When 
ymi make a pond, ])lae(! garden soil or sand in the water and .stir it 
well It may take a week or so to settle, but it is essential if the 
pi Hid is ti I hji really successful Make your pxmd in a shady place 
where it will not lie exposed to .strong sunlight all day long. 
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For making any sort of collection of insects, a killing bottle 
is indispcnsaj3le. A jar with a wide month and a screw-on top 
will .serve. I use a honey jar (i lb. size). The lid must be air¬ 
tight. To ensure this, cut a disc of fairly soft cardboard to fit 
snugly inside the lid. Before fitting the disc, place it in some 
candle wax melted in a tin lid. After the cardboard has become 
well soaked, remove it and allow the wax to harden. Then fit 
the disc inside the screw-on lid of the jar; 

The killing agent for the jar can be crushed laurel leaves. 

These are best gathered in May. Choose the 
young leaves, which are a light yellowish green, 
and chop them up ax finely as you can, Pack 
them tightly into the bottom of the jar, 


I’lt;. 3.—(rt) a sprig of Ohoity Laurel; (ft) a killing bottlo made from a. honey 
jar half filled with linely chopped and tiglitly packed Clierry Laurel leaves. 

ramming them in with a piece of wood, There should be 
enough leaves to reach about half-way up the jar when they 
are tightly packed. Next, place two thicknesses of blotting- 
paper over I'iic leaves, and tlic jar is ready for use. If you keep 
the lid on, the bottle will retain its strength for many months. 
You must make sure that you obtain genuine Cherry Laurel 
Rather .similar plants 'witli large yellow blotches on their leaves 
will nut work at all I have made a drawing of a Cherry Laurel 
twig with leaves in Fig. 3. The leaves are retained on the 
plant throughout the winter. Cherry Laurels are common 
enough in towns, often being planted as hedges, but they are 
less common in country districts. Special killing iluids that are 
harmless to humans can be obtained cheaply from dealers. To 









g PATTIUINS Ol- IJl'E 

use these n lew droids are added to a wad of cotloji weftl in the 
bottom of the liottk!; l)ut the killiu^ bottle will have to be re¬ 
charged at fnaiueut intervals, csiieeiaily on hot days. 

Setting-boards (Idg. 4.), thougli not essential, are necessary 
if certain ty|)es of insects are to l)e displaytai to tlie best udvan- 
age. I'hey ean be nnide from strips'bf cork slu^et covered with 
glossy pa|Jcr. 

A water net, and a net. lor use on land, you must have. 1 lie 
water net can easily be; made Irom thick iron wirc-eopper 
wire is too soft. It need only be a circular or sipiare hoop, tifew 
inches in diameter. A squai'c pattern is probably best; one 
with sides measuring 4 inches is 
’ li very suitabhs The bag must be 

" 0 , '.iy j of stout calico but need 

' ■’ Ite only 2 or g inches _decp. 

When the net is in rise it is best 
lic.il to a stout wooden handle, 
g or 4 hret long. 

A net for use on laud is not so^ 

LSisily imule. A wire frame is of 
liti! .': use, as tlie diameter should 
i). . iibout I a inclies; otherwise 
it is very dillicull to catch Hying 
insects in the net. Ifycm can 
possibly aiford to buy a folding 
net 1 strongly advise you to do 
so, (Ihiite a usetul net for 
sweeping aliout in grass and 
undergi'owth can be made by 
sewing a bag on 0 * the frame of 
a distairdcd tt-mns racked. Ihc 
Inig should Im about ill inches 
deep. Such net, however, is 
liiudiy wide enough to catch the 
niore’iiowerfully Hying insects. 

Finally, you will require^ a 
(piantity of insect pins. Ordin¬ 
ary |)ins are too thick. \ ou will 
liave to purcliase half an ounce 
of mixed black insect pin.s, and 
. , these will last you quite a long 

.‘tte.nn sv non; va-rt't'fl . 

!tom / 


CIIAPTKR TWO 


Finding Names 

DEFQRIi we can go miicli fmtlu'r wt. shall liave to use a 
l^nuniber ofscientirK; terms, esjavially the srieiitiht; nanies of 
plants and animals. You may Ihid the pnamneiatinn of some 
of these diHicult at lirst, bm tlnU is largely latcause ihe words 
will look strange. You must leani to jjrnnoHuee and use them 
as you do other long words such as hippopolamns and rhino¬ 
ceros. Once you luivt; heaiH iheseicnlilic names s]iqken, they 
are just as easy as these, ajul many a gootl deal easier.^ 1 imy 
soon become jiart of the fun ol Xaiural History. Scientilie. 
names will Ik; priuled in italics and I sliall atlenipl to gi\v you 
some idea of the prommci.itiou of each one the Hrst time ii 

As soon us you bigpn to take an interest m livm*' ihmgs, it 
liecomes ciear'tliat there are very many (lillerent fbrms indn-d. 
On a country walk, notice the viti u:ly ofilowers, trees, grasses, 
ferns, and mosses. Oo 11 n- a walk through the witods in autumn, 
and see all the dilferent iy{)es of toadstools growing both from 
the ground and out o{‘tree inmks. In a town ganien or park 
it is very easy to see a dozim or so diHereiit kiiidspif 1 tiros in 
the space of an hour, as well as innumerable dilfereni kinds 

of insects. , ^ .• 1 • 

But soon you will realise that among these dillereiil kinds 0} 
living things (here is only a small nnmber ofdi'liuiie patterns; 
and with some of (iiese patterns yon will already lie lamHiar. 
It is, for example, ({iiitt' isisy to .say whether a particular animal 
is a bird or a lisli, or whether it is neither 0! these. In other 
cases, althmigh you may have a vague feeling that a number 
of specimens are vei7 much alike, it is diliicitlt tti be surt' that 
in fact they are all alike in the same way tied all birds are alike, 
You may think that beeausi' lioiwdlieH, spiders, and woodiie.e 
resemble one rmollier in having a hard ('uvering on their 
bodies and in jiussessing a number of many-joimed legs, tlnw all 
belong to one pattcrn--the pattern we call insects. A biologist, 
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howovor, wolilcl O'il you th!i.t oi:' iIkisc three, only the housefly 
is an insect . Fie would agrese that the three types have a general 
rescsinblaiice and liceaiise of this they are regtirded as belong¬ 
ing to a main pattern calhid tin; AHltrolnub (ar-throrv-pods). 
Such a main pattern is called a PiiymM (ly-luin). 'I'he mem¬ 
bers of it ctin usually be arranged in smaller groups, each 
having its eharacteristie features. Insects are one such group, 
liaving thn-e ptiirs of leg,s and, as a ruh', wings. Sfiidcrs belong 
to another of these smaller gron|)s called Amclinuls (a-rack-nids). 
They have f nir pairs of legs. The woodlouse is a memljer of a 
third group, the Crustnmins (knis-t:;iy-she-ans), and posse.sses 
many pairs of lf,‘’;s besides two pairs ol 'Teclers 

Altogetlier there are aljout twenty main patterns of living 
things.’One such pattern (or phylum) consists of all the baek- 
lioned auiiiials dial is llie lisltes, amphibians (frogs, tdads tpl 
newts), reptiles, birds, and mammids (tlie mammals including 
dogs, cals, (,fiws, man liimsell.; and all oiIkt forms that have a 
coat ol' liair). Anotla-r main {lattern, the phylum AMlmca 
(mol-lusk-a), includes snails, slugs, anil oc,tu|)uses; whik; the 
trees, flowers, and grass('s, heloiig to another phylum. 

A phylum, tlierel'oi't*, consists of a mimher of plants or 
aninials which, tilthough not exactly the same, an^ yet built 
upon stirne general plan that is diiltannt from the phm (T iiny 
()!ht;r [)hyhiin, just as tdl Incycles am very similar to one anoflutr 
ami quite dilf ieiit from any other kind of machine. But just 
as you could diviik* a c(»!lection of bicycles into certain types 
re.seml)ling one another in the shape (d'thehyliaiidhte, the 
Iviiul of Itrakes, etc., so too eun a pfiylum la; divkkul into smaller 
groujjs. The memljers of each of these smaller groups resemble 
one amilher moi’i* idosely than they resemble the otlmr mem* 
hers of the phylum. 

'I’hus, tihliiMigh Ashes and birds are both in the Vertekde 
phyhiin fl'ieeanse they have baekhoiies) yet they are placed in 
se])arale ( Ii.assks of the jiliylmn. In tin* same way all mammals, 
by possessing a coat of haiV, rescmhlc one another more closely 
than they resemble reptiles (e.g., snakes, lizards, crocodiles, and 
lortoisi’s) which are covered with s(;ale.s. So mammals are 
placed in aimther class, and reptiles in a icmrtli. 

Proee<-ding in this wav we can divide each phylum into 
smaller groups called classes. The phylum of vertebrates is 
divided into live classes: 


I'lXUINO MAMCS n 

TIlVbUM 

Vertebrates 

! 

I " ' I i 1 J,, 

(TA8S 1 (!bASS *1 f'bASS It ttLASS I (Jl.ASH o 

FidioK Aiiighihiini:! Ih'jitili-s ItinjM Aliiiritiialfi 

(frog.;, etc.) 

In their turn the classes can he divided into .smaller grou|Js 
called Ouinuis, 11' we conskh’r tin* mammal class, there 
are obvious difrerenees hetwern monkeys mul luiee, eae. and 
COW.S, wolves and ralilftts, Yet al (lie same limr, ihne aiv :ilso 
obvious close restmiblanees belween cals, dog;s, heai;, vcohts, 
weasels, and stoats for (“xainple in thr nature oi their le<'! 
and teeth. These lattt;r animal:,, together willi some iitlier,, 
are placed together in a smallir group callrd au ordi i, in fhi'.^ 
case the order iA‘(Mumm (Imtirmiv-oi's). Otlicr groiqw ol 
mammals that rt'semlde one tmoiher are jilaced in olla i'oi tier?;, 
e.g., the gnawing animals .such as mii r, l aldiits, rtits, nqiiiiTels, 
and guinea pigs, are placed in the order of AVa/cwO. 

So a phylum is divitkA into ela.ses, and the iheeus sire 
divided into order;:. Taking the Wrti brale pliylnm again, 
we have: 

PHYLUM 

Vertebrates 

' ■■ ■ ! 

! 

■ .j.■.i .'"!. 1 I 

OLASH 1 CLASS if (TASS it I'LASS ■! CLASS a 

KMich AiiiitliiliiiitK lh‘iiti!es Pink M/nnmah 

I , * o ' 

HktiKU I oiiniot'Jl oTjtCH 

Itnileitt.-i ('iii'iiiVi-rt'K oiaiMlis 

Now once more it i.s clear that in the (»rdi r of (.l.nnivores 
thennare further .sub(livisi(itis |ats:^<ihle. The dog-like auiitiali: 
form a group distinct from the eat-like anincils attd both dlfli-r 
from the hears or the wea.sels, 'lb exjtress litis, sw furtlifr 
divide each order into Pamii.jks. The order of Carnivores is 
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divided into the dog fiimily, the cat family, the bear iamily, and 
others tliat I will not immtion Ikmt. ('riie other ordtTs, of course, 
art! eacli divided into I'aniilics in the same way.) The scheme 
now looks like this: 

PHyiVUM 


I. 

GLASS 1 


(ILaLs 2 

AriiiihihiiuiH 


Vertebrates 

..I.. 

GLASS 2 




."T. 

GLASS 4 
.Lirdn 


(JiJss r. 

Manuniils 


oaiaiit 1 ohiikh2 otiieu 

tliHlHiitH GiiruivfJi'ty oanKiiJs 


TAMIIV 1 l A.MH.V e I'AMII.V :i (ITIIKIU-A.MIUKH 

(‘at!: 


Iwen the; families eonlaiu many olrviously diflerent types ol 
animals. The eat family iiieludes, aimmgst others, the lion, 
the tiger, the haijrard, the domestic and tlie wild ctUs, and the 
ehecta. So the Iamily can be y(vt again divided, Ity further 
ai)piieation of the l;t(4 that certain members iT-semble one 
another more than they rt'semhle the rest. In tiiis way we 
arrive a,l .smaller groups calk'd (Ikneha (jen-era-'-a plural word, 
the singular of winch is iimus). In the eat family there are only 
lw(t gtmera. One uf these, llii! ,geuu.s (Imlurm {.sy-nee-lure-us) 
eoutains only ene animal, the eheeta or lumting leopard.^ ihc 
other genus is i,ailed Iniis (H'mlis), and includes such animals 
as the ordiiuirv eat, lion, tiger, and leopard. Now if you had 
se.veral hundre'd mixed animals all belonging to the genus Ms, 
you would be able to sort tiiem out into a few groups-' -lions, 
tigers, etils, and .so on-aiid you Wfudtl be fairly eerttiin that each 
animal in a parlieular group was the same kind of animahas 
the others in that group. The domestic eats might diiler 
among themselves in eoiour, in length ol fur, and to some 
extent in .shape, but still you would be quite sure that they were 
eats, especially if'you compared their teeth and other charac¬ 
teristics in detail. Ho too, the tigers might vary u little in size 
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or colour, but they would be quite unmiHUikahly tigent 
Furthermore, the cats would bt^ alrle to breed togetlua to 
nroduce kittens mure or h'ss like tlmmselves, and the tigeus 
would l)e iible to liavt; cubs wlric.h in time Wimld grow ui') into 

%dieu we haw a group of animals or i>lauts which everyone 
will a'u-ei: are tlie same as one another, we say (hest: animals 
or plants klong to one sfhcies. Tlie inemhers o a sptr.ies, 
besides being very like one anodier, will bivcfl logcilicr m Im-m 
more members like themselves. Animals or plants which Idung 
to dilTercnt specks will not as a rule lireed UigetluT', or li they 
do the oilspring are unlike the pairnts. 'flms, at tin; zoo, horns 
have oeeasioually been Inrd wiih tigers. Tlumillspring, called 
ligrons, are not very like either parent. Simi arly, it a horse 
Ineeds with a donkey (he ( 4 .'.j'nii{.; predneed is a mnk', an 

animal quite dhlinetfronm it! '-a burse (H'y (kmkey. _ 

To sum up all thk let ns k. :h the puMtmu u{ tltc Imu tn 
the phylum of viMicInsites: 

IhiVLUM ■Vertebrate 

i;LAS.s ■ Mamimd 

^ .. • 

( )rpkr .(lurmvore 

Famu-y .flat 

I 

{.Ienph ..Ikli.s 

.Sfkoiks .Liun 

Now there are very many dilkn'iil animals and plants in (lie 
world and many scienfisls in (lilk-n-nt cmmfrics studying them. 
Consefiuently, it is necessary to have such a .system ol naming 
die species that evervmie thronghont the world will he quite 
dear which particiiiar kind of phmt or .luimal is na'anf wiieu 
its name is given. The sc.ientifie way tt) nani<- a plant or aiiunal 
is to give it a double name- a kind of surname and chnsiian 
name if you iikm-made up of the name of the geims to which 
it belongs followed by the uairut of the sirecit's. .Unis the hon 
is called M.t ho, I'hat means it iK'hmgs to iht^ genus hlu and 
i's the species ko. Notice tiiat the name ol the genus hegms 







I'ATTl'lKNfl OF I.IFh: 


FINDING NAMES 


14 

with a capital letter, wliilc tlic specii's name is written with a 
small initial Ic.ttta'. 'I’lie scitintilic names of otlicr members of 
tile genus Fdh are 

'I'il’er - -Fclh 
Leopard - Fdh fitmks 
I'ame eat- Fdis rntm 
Wild eal Fdls sylvfsim 

Yon laui seii how this sysiom of naming will help to prevent 
mistakes. If you are writing altont tlie cat, you may he riderring 
to either the wild eat (Fdh .ylvrstris) or tlu* tame cut {Fdis calm). 
If you give the seiiaitiiie name there is no doubt which is meant. 
Even if it is a tame eat lliar has gone wild, it would still he 
Fdis cuim) having merely ehanged its habits but not its striu> 
tuni. As a furihei' illvistralion, I may mention lliat the animal 
wliieli is eomnionly called (In: lion in America is the animal 
W(! call the }nima. Its seientilii: nanu* is Fdis cmmhr, if, when 
r(;ferriiig lo the lion, writers slated the seieiililic name of the 
animal iht y inlended (eiflier Fdis Im or Fdis mmolor) no mis¬ 
takes iviiiild he jmssihle. By far tlii; most important application 
(.filiis system, Iinwewr, is lo (hose many animals and plants 
evhieh have no common iiaim;. In these east's we must use the 
•.cientifie name, We shall tonn: across this use in Part II of 
this liook. 

Iltiw to nsr 

'io iind ()Ut the name oi' a plant or animal that he luis 
collected, the naturalist may make, use .if “kej's’h Keys are 
usually matle hy experts on the diflertmt group.s, and are so 
eonstrueted tliat hy answering correctly the (|nestions asked 
about the .specimens, you will be able to Iind their names. 

Wosl keys art: rather tiiiniuiU to use until you know a good 
deal about the htnietnre of living things; and in numy cases a 
microscope is necessary to see tiny structures. In thk book it 
has been possible to give you only ,'i few simple keys. If you 
become way interested in Natural History, you will have to 
olrtain other hooks written specially for tlie purpose of Jiamiiig 
the .species in particular groups. 

To sliow you how to use a kcjg I have constructed one that 
would enable you to tell which one of five common objects (a 
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pen nib, a ruliber, a penholder, a pencil box and a_ ptmeil) yon 
had, assuming you did not know its name. Here is the key: 


. j Made at leant partly of wood j| 

\No wood at all « 

,,/Made entirely of metal, rather jioiiiied at one end : 1 ' 13 N nik 
*"\,N u niiital pre.sent.rather soft to die toiieli uiMiimu 

f Shape reetangular, with a moving lid. :I‘ENWE iiox 

' \Shape long and thin- - no moving part^i ‘1 

end I'FiNiiot.DEit 

I'ENOU, 


./Pitted evilh a metal holder at one 
^ iNo metal at all 


Remendier that you are not su|)poHed to know tlie name, ot 
any of these objects. SupiKi.se you wish to use tiie kt!y to iind 
out the name of tlie [leneil. Yon [.iroceed as follows. 

First, notice that the clues in the key aic arranged in imirs 
which arc bracketed together, .ind laeli jiair has a nunihenu 
front of it, Yon start with the lin.l pah, and haw- to liceide 
which one of the two stalemenls given (In i'e applies to ihr 
object yini wish to name. Is it '■iiiafh-.r! h:!-,! in jam oi wood 
or is there “no wood at all” in o ' ' d,\ti'ii.l;, ii (i.e,, ih'' jHiieil) 
Ls made partly of wood, jS' die '-i"! ihdie line "made at least 
partly or wood” the umabc! o' coi -. Ihr. means that now 
you must go to the pair of'alate'oenn raokid g, le.iving out 
altogether the pair mailml !or thev do imt apply to your 
object. (The due “no '...'ok, ad” n.a-L e* dnni, ami ymir 
object kv .some wood in it.) 

Again at 3 there are iwn si.nenK’m-;, VMudi ,i[iplies? Is 
your object rectangular in i hape wiili a moving Hd, nr is its 
.shape long and thin wilhoni a moving p:irt’M)!moiisly it is 
the second, The number 4 oe.cnrs at (’ a end ofihe line “S}ia[)e 
long and thin--no moving purls”, .so you pass on (0 the jwir 
of statements numbered 4. Is the ohjee.t fitted with a metal^ 
cap at one end? No. It has''no metal at all”. At the cud oi 
this line is it.s name. It is a pencil. 

Thi.s key is of no practical use to you, hecairse you already 
know the names of all the ohjecl.s. But it would lie of use to 
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someone who did not know the names. That is what Natural 
History keys are for, to enable you to find the names of plants 
and animals you do not already know. 

The keys to the groups of plants and animals are not so 
simple as the one we have just used, and it is very easy to go 
wrong with them, so you will have to learn to observe the 
characters of specimens very closely. If you do go wrong at 
any point, you will generally soon find out, because in later 
pairs of characters you will probably find that the specimen 
fits neither of these clues. Then you have to go back and start 
again. 

You will find that using keys is great fun, rather like the 
game “Animal, Mineral or Vegetable”. It must be repeated 
that if you become really interested in Natural History and 
need more keys, you will find that there arc special books that 
give them for most of the groups—though for some groups (e.g., 
the two-winged flies) complete keys have not yet been con¬ 
structed. 


Flowers 

T he most familiar group of the plant kingdom contains 
all those plants commonly known as flowering plants. I 
shall take the Tulip as a first example. 

The Tulip—A Monocotyledon 

A tulip should be obtained for examination as you read the 
description below. Tulips are flowering in the garden from 
April to early June; the best course is to plant a few bulbs 
in October and leave them to come up in spring in the normal 
way. Tulips will also grow quite well indoors in pots or bowls 
of bulb fibre, which can be bought quite cheaply. During 
November and December the pots are best kept in a cool dark 
place such as the bottom of a cupboard or a cellar, but the 
bulb fibre must be kept moist. 

The drawings in Fig. 5 will help you to understand the 
structure of a tulip flower. The coloured parts usually called 
petals are on the outside. Before the flower opens, you will 
sec that these arc green and serve to protect the inner parts. 
They become coloured gradually, as the flower opens. There 
are six petals all together and it is easy to see that they are 
arranged in two wliorls (or rings), three in the outer ring and 
then three in an inner ring, so arranged that the inner petals 
fill in the gaps between the petals of the outer whorl In this 
way the whole structure forms a kind of cup which opens when 
it is warm and closes when it is cold. 

Remove three of the petals from one side The inner parts 
c.f the flower will now be visible and you will sec the six (really 
two whorls of three) stamens, as shown in Fig. 5 (a). Each 
stamen consists of two parts, a rather broad flattish structure 
that is fixed at one end to the top of the stem and carries 
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miother slructun;, tlu; polh'u box ((T (intki'r, ;il its Irct; iTid, Tiu; 
untlwT nmy lx: variously coloured. It' the tailip lias Iktti open 
.some tiiru', the aiillua' will be seen to be split along its edges 
and to be eovena! with a fine dust wbieh, under the liand lens, 
you will see to consist of very tiny grains. This is tlu: pollen. 
Wlien looking at it under a hand lens, do not forget that you 
must liave phiily dJ liiihl falling on it (see p. 4). You will 



I'lii, [). («) u liilm ilowci with tlircii pctiils iviiiovol irofa oiii; sitle, >Tl 
{li) a silicic 'itauif'H, 1 ; (0 (ti!‘ diaivii finm above to sbow its tlimi 
tolit's, ;,i: (ft) t{tMM'i'tiimoiilit;(ti‘vrIoj)iuf{ fruit, /.aj; (e) Urn ripe fruit, 
li(‘Ki'iainK bi tijirii, i'J; (/) llu- saiiu: wjlh oiu; valvt.- removed to display 
tluisifficis, X J. . ’ 

probably find that the antluus will swivel round tm the .stalks 
of the .stamens. Make a ilrawing of the tulip with its three 
petals removed, Then make another of a .single .stamen. A 
drawing must be labelled, and to make tlic drawing look neat, 
it is a good plan to keep all the lahelling lines (guide line.s i.s 
their wuTT.ct name) jxirallt'i to the top and bottom of the page, 
and to print the imitift.s of the structures you wish to indicate. 
Make sure that each guide line really does end where you.intend 
it to end. Remember also that guide line.s should always be 


ruled, never drawn in carelessly. Finally, avoid shading your 
drawings more than is absolutely es.scntial. ^ 

Now remove all the petals iincl stamens Ironi llie tulip. Yon 
arc left with a single rather fat central column, called the jndil, 
In the tulip it consists of only two ])arts. Tlu: liottom part, 
which is a three-sided column, is callt:d the otmy. At its to}), 
the ovary is crowned with a yellowisli structure having three 
lobes wbieh overhang the sides of the ovary. This structure 
is called the xtigma, and if you examine it very closely you 
may be able to sec pollen grains adhering. 

The task of the flower is to j)rovitle for ti new gviuT'atiou of 
tulip plants by forming seeds, which are young ])lauls inside 
a protective coat (,scc p. 2^3). Tims tlie flower is the reproduc¬ 
tive organ of the plant, and every part of it lias an importani 
job. The ovaiy contains struclTires called ovules which them- 
.sclves contain lemide reproductive unit:s or ‘Yggs*’. An ovule 
is capable of developing into a .seed, Iml liefore tins can occur 
the “egg” inside the ovule must unit:^ with a male reproductive 
unit. These are produced by jiolleii grains that have issiched 
the stigma, usually, in tulips, liaving been earried Iheiv by 
insects. Each pollen grain on tlie stigma jmis out a line i.iibe 
that grows through tlie tissues of the ovary until ii iracJies an 
ovule. Then the male unit which the tube enmains at its lip 
unites with the female unit of the ovule. This union is calhrd 
fertilisation, and it is the essentiiil act in all forms rtf sexual 
reproduetioii, being to all intents and purjioscs the same both 
in animals and plants (.see p. elk'). The brightly ndoured 
petals serve to attract the insect.s that translin- pollen from the 
stamens to the .stigmas. The petals also protect th<‘ stiuneus 
and pistil from frost and rain. 

Now with a razor l)lade or .sharp knife cut across tin- cttiumn 
of the ovary and examine the surlliee. This cut .siuface i.s called 
a cro.ss section of the ovary. Under the hand lens (remtrmher- 
plenty of light!) it will look like Fig. 5((/). There, will la* throe 
groups of developing ovules, one group at each C(}rner ttf the 
dangle, If the tulip you Imve cut was a very young (lowcr 
it will not be easy to .sec very much, but in older tulips, espeei- 
ally those who.se petals have fallen, you will b(’ able to see tliat 
there arc two sccd.s in eacli group, and each seed is eonnccted 
to the centre by a fine stalk along which food is hrought from 
the tulip plant. 
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If you huvt: several tulips growing, it is a good plan to brush Examine as many plants as you can,_ looking both at the 
souk; pollen Irnm tlu; stamens on to the stigtnas and allow the; flnwer parts and at thti leaves, and decide whether tliey are 
plants to go on growing, so that you may ('xarniue a fresh ovary monocots or dicots. Yon rmiy come across a few doubtful ones, 
t:very two or tliree wetis. In that way you will see tlie ovules but this is because the real dilhuence between monocots and 
gradually grow bigger aiul dtaelop inti) setals. 'riie ovary, too,; dicots is the number of seed leaves (cotyledons), This char- 
will become swollen. Leave at least one ovary to bt;come ripe.;; acter is often not casHy determined, especially in small seeds, 
It is tiu;n t:alletl a fruit' - i.e., a fruit is a ripe ovary with its s(,'eds, so we shall not deal with it, 

(iven though it is not tempting to eat as is a tmnnto or ■ 

g(.)0sc])erry. The tulip Iruit is a dry Ihnt, and, when ripe, it; The Wdljlower-A Dicotyledon 

splils alimi; its iIhwi oIkcs mid ill,' sw-ils ran b,, i-iisily sliiifcii; As an example <if a dient tafe the Waiulower. The sttuc- 
oiit. 1 iilip m-ams take sevcial iiuiiillis to beaiiiie qiiitc npe, | Kg, 6. u.ililtc that of the tulip, the flower 

biiUluty irequ<;nlly lail to dewao}) m the gardtm. , jj, pro^cted by l‘our green sepals which, although they may 

il you colka the siteds wlieu they are ripe (when tlte ovary i t,e(;onie coloured when the flower opens, remain quite distinct 
begins to sjilit) and sow tiuan in tiie garden, they will grow: 
into new tulli) plants, but it will be. several years before theyi 
will llowM'. If you have patience to do this, you will .see each I 
seed push up a single slemler liist leaf like an <niiou or grass i 
.seed.* This will go on growing and gradually a small bulb will ■ 
form luuh'r the ground. When the new plant ultimately, 
flowers, you will jirobably fliu! that the Hi»wer is not the same 
in colour and sha|:)c as tin: one with which you started. 

Now take a tulip leaf, hold it up to the llglit, and look 
through it, You will imtiee that there is a muuber of faint 
lines running along it, mort? or less parallel to oiu; another. 

Tiie.se are the veins through winch HhkI and water are carried 
through the plant. We have seen that the parts of the tulip 
flower an^ arraugt'd in tliriS'S and that the veins of tlie leaf ^ 
are more or le,s,s parallel to one another. Tliese are the eliui- 
acters that enable ns to recognise members of one of the liig 
groups of flowering plimfs. Tins group is called the Ato- 
colykchns (mou-o-koi-il-ee-dons) and its members have only one 
seed leaf (or cotyledon) in the seed (see p. 224). 

Another group of flowering plants has the veins in the leave.s. 
in the firm of a network and dfs^s not have the parts of the ^ 
flowers arranged regularly itt tiirecss, Ofttat tliey are in I(nir.s j 
or fives, I’hi^se plants arc ciilled DkotyMons (di-kot-ike-dons) ; 


W the tip of tk'pistiUoslww the bilobed stigma, X5; pi) a portion of a 
* What is usually eulletl a .wd ot gra» is atlually a fruit eontaining only young fruit, split open to display the seeds, x i; (f) a single seed attached 
oneseed.i.e., it is a complete ripe ovary. to the fruit watt, X 5: (fl a leaf, xj. 


occause tiiey nave two tcave.s in on; seeths. ror siiorincs.s,: 
naturalists speak oI tliese two groups of flowers as monocots: 
and dicots, 



a single wlltlower bloom, xi i; ( 6 ) a single petal, detached, xiL 
(c) the flower with the sepals and petal,s removed, xi^; (if) the same with 
two stamens renwvd. x ib W the pistil, x 1 1 ; (/) a single stamen, x 3 ! 
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from llu; itrighlly coltnired aiul larger pt'tals. Tlu; sepals bulge 
downwards at tlir lower end to form a sliallow pocket, in which 
you can often ste a clear litpiid which is swtait; to the taste. 
This litiiiid is nectar, and it is ctigeiiy sought l)y certain insects. 

Ttunv iire rmii' jiettds. Jkudi i:ousists of a l)road platform 
whii:h, ntair the ceiilre of tin; flower, Itends sharply at riglit 
angles and is coniiimtal downwards us a much narrower stem 
or daw. The liotlmn (aid of the daw is utladied to tlie upper 
end of tlie flower stalk. Tlit' four iK'tals, together with the 
daws of the llair |)etids, fmm a kind of tube*. Inside this tube 
are tlie stamens and pistil, 

There aiv six stamens, lad; instead of being arranged jn two 
wlmrls nl three as they are in the tulii>, two sttimens wliidi are 
a little 'dinner ilnm the otliers are arranged opposin' to one 
annther, while the remaining flair inner stamens are arranged 
in two pairs (I'ig. Iw). As in the tulip, the starmms bear 
anthers at the lop and these split o{:)en to set free a muss of 
pollen grains. 

NVetar, wliitdi is a weak sugar solution, is produced by glands 
at the bottom t,»f 1 hi: tiiln; fbrmial liy the petals auci sepals, 
With yniir hand lens yon will fie able to see the mdtirks, as 
these glands aie ealled. 'They are dark greim patdie.s, often 
.sticky in a]»pe:irau{:e, visilile where tin' two .shorter stameiis 
jian the -.tmi. 'Id ii-at h this nectar, insects hav(' to push their 
’longne:; right dmvn the tube, so that only insects with long 
tongues (e.i/,, biiKeriltes and lieesj can I'cadi it, 

'Hie pistil is unlike that uf the tulip. It is long, and, in young 
flowers, rather round in cross seciioti, Ikawiaiu the (ivary and 
the stigma is a short ineee called the style. No .style was visible 
in the'tulip. The stigma iu die wtdlilower is .split into two pieens 

or lohes. • i 

l'ak(‘ a wallfiuwi'r tu pieces and (;om])are its struc-ture with 

the drawings iu Fig. ti. ^ 

if you have a bramdi nf a wallflower plant bearing .several 
flowers, you will find that the youngest flowers are at the 
tup uf the stem. A little lower will lie Ilowens whose petals are 
dropping, and lower still all that remains will be the pistils ot 
flowers.' In these the ovary will already have liegun to enlarge. 
Id examine the structure of the fruit (as the ripe ovary is 
called, rememher), yon may liave to wait a few weeks, leaving 
a wallflower jilant in the garden after the flowers have faded. 
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When yon have a largm fruit, say 1-2 incihes long, cut it 
across as you did the fruit of the tulip. You will see that there 
arc only two double r()w.s of seeds and these are attached to 
the outer walls of the ovary, not to the centre as they were in 
the tulip. Along the centre of the ovary is a longitudinal 
partition dividing the cavity of the ovary into two separate 
chamlicrs. With a mounted needle you will be able to strip off 
one side of tlie ovary lengthwise, and uncover the seeds of one 
side (Fig. (i/i)- , 

Keel) a watch on tlie growing plant lor a lew more weeks 
and you will see the fruit ripen and become dry. Then it will 
split at the bottom and two flap.s (called valves) will begin to 
clirl lip to nncover the dry seeds and central partition of the 
ovary. The seeds will then be shaken out and blown away 
by the wind, in time to grow into new plants. When the fruit 
is ripe, you can collect tfie seeds, sow them, and ,so obtain new 
wallflower plants readv nest year. 

A leaf of the wallflower is drawn In Fig. 6 (j). At first, when 
you look at one, the veins may not lie visible; but if you hold 
the leaf to the light and look through it, the veins stand out as 
lighter lines. You will see tlnit they form an irregular network 
quite unlike the parallel veins of the tulip. Your leaf may not 
look exactly like Fig. ii{j) becatise wallflower leaves vary a little 
among themseb' 1. 

If you now examine ti mimlier of rliffcrcnt flowers, you will 
find that they diffciAn many re,speiTs from the tulip and the 
wallflower, Imt in each one you .should have no difficulty in 
recognising the various .structures, Sometimes the petals will 
be firmly joined together to form a tulie, as in the snapdragon, 
],)hi(.‘bell, iirimrosc, imd foxglove; .sometimtis the |3istil will com 
sist of many separate piece's (called carpels), as in the butter¬ 
cup, strawberry and blackberry, Often, as in the bluebell and 
primrose, the stamens will be joined at their base.s to the petals. 
Ill .some flowers, c.g., lupins, peas, and many others, the stems 
uf the .stamens may be joined together fo form a lube inside 
which is the pistil (Fig. 8if), while sometimc.s, as in the daffodil, 
sriowdrop, and gooseberry, the ovary is below the petals and 
siamens. 

Danklions and Daism^-ComposiU Flowers 
You may at first be puzzled by members of the Composite 






PATTERNS 01' ITl'K 


FLO'WERS 


e;roup of flow«irs. Tliis group includes dandelions, dirysan- | 
themimis, asters, dahlias, thistles, and all the daisydikc flowers. 

In all of these plants, what appears to l)c one complete 



V ' 


JUli. 7 . («) H K-iflt'n‘''■‘fTii't!, xi; 0)arayilWRt. 

^ iP ,uia (rj .uiiM' fiord, of the marigoltl, X .U {a)^a 
sia.lKai through a tloru'i' lu'iitl of (liiwlt'liofli, • iji 
t^) u smgl<! flovta of fimiflion, X 

flower (e.g,, a dandclian or a daisy) is actually a head d many 
tiny flowers packed tightly side hy side. The apparent petals 
of a dandelion or daisy are thus not petals at all but arc corn- 
plctc flowers and are called (loreis, If you pull one of these 
“petals" from the flower head of a dandelion you wul be able 


to see the yellow strap-shaped structure that represents the 
petals which are all joined together, the two-branched stigma, 
and the stamens which are cluitc thin and joined together by 
their anthers so that they form a closed ring or collar around 
the style. At the very bottom of tlie floret is the ovary, t ig. 7 v) 

should make this clear. . • /i . 

In dandelions and some other Composites all the tmy llorets 
arc the same; but in the daisy-like Composites there arc two 
kinds of florets, outer strap-shaped ones wlifrh have no stamens, 
and smaller inner ones—the disc florets—which do liave stamens 
and whose petals form a tube with live line teeth. Ihese disc 
llorets malic up the “eye" of a daisy, but in this phmt are M:hcr 
small. They are best seen in a sunflower or dog-daisy, fig. 7 
(a-c) shows the structure of a garden marigold. 

There is no purpose in my dttseribing all the many torms ol 
flowers; you must olitain them and see li>r yourselves. It is a 
good plan, when investigating the structure of a iimv iow<;r, 
to out it down the centre with a sharp razor blade. 1 o do tlus,^ 



Fig, S.-Thes flower of thcf lupin: («) a young flower; (b) an older flower; 
(c) the same with wings and keel depreHsal; [d] a flower witii tne 
petals removed, (All ;<f) 
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2() 

your kit luintl, with the stalk (’iid Kfarl culling ut 1 

the end of the stalk and (ainlinuc llirouii'h tlie flower until you , ] 
luivc two hidves. Usually one of these parts ^vill show the ! 
structure very well. 

Wlien a nmnlier of Ikwers have the samt* general plan of 
.slruetiire we iilaee ilieiii toeeilicr in .t tioiup we call a Family, 

The daisies, daiuleliiins and Mu h similar [dauts, as we have 
seen, an* placed in a family called the ('imposik! (cfun-poz' 

it-ee), Tlie Pea Flower family {Lt'}>iminm‘) .(le-gew-miiw)- 

see) idso has an easily recogmise'd general i)lan. 

Tk hti Fkm Fmdh f 

In meinlters of tin* I’ea Flower family (Fig. fl) there is ] 

iisiiidly a sharp Iteiul where the Iti.wu jours the llower stalk, i 

Next eoiiie the se|)a,ls, wldidi an* jttini d Ingfllier .uid may form 
oidy a, ([uite small ring, 'flu* petal:, ate nr.mdly very showy 

andarrlnvlunumher, 
arranged in :i special 
manner. Tin* biggest 1 

petal is at the tup of 1 

the llower, and isrjnht; j 

hroad, ttllen with u j 

noleh at it-* tip and ti ; 

groove down its mid- ! 

line, as if it were made j 

of twi) petals joined 
trjgefher. Tins petal is j 

called the .Stanuard. j 

Maw and inside this :j 

are two imrrower ■ 

}ietah, one on each 
side. 'Fhe.se are called i 

theWJNupetals. Inside: I 

them ;u’e two more ( 

pelids which may he ! 

joined togetlHT along > 

their lower edges ami 
usually end in a fairly 
sharply pointed tip. 
Together they form 

lot,..) - A i.Mv«{Uburrtum. /i the Kkei.. Inside the j 




keel you will fmd the 
stamens, i:iglitly buuchcd 
together, and you will 
probably find at tlie tip 
of the keel a mass of 
l;)righl;ly coloured pollen. 
Careful eirunting will .sliow 

you that there are ten 
stamens. The counting is 
best done 011 a young 
flower, for when the 
stamens liave bcsgiin to 
wither tlicy arc difficiilt 
to sec clearly. You will 
sec that the sttdks of the 
stamens arc joiiKsl together 
a short di.stanet; from the 
anthers so that they form 
a closed tube. Inside tills 
tulie is the pistil. 'Hie 
stigma and part of die 
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style may be seen sticking np among tlie stamens. By .splitting 
the .stamen tulx; with a maidlc atul removing it, you will be 
al)l(! to sec the ovai-y. In llowers whose, petals luive dropped, 
the ovary is bigger ami easier to .see. In time it devi:lop.s 
into the ripe friut. 

You will be familiar tvilli'thc ript! iriiit.s ftf the lYa Flower 
family. We (uill tlwmi pod.s, and exarajile.s are the potls of peas 
and berms, All pods are .similar in that limy are made of two 
halves (or valves) whie.h open when the fruit is ripe and expose 
the s(H;d.s. Tlwr.se lie in a singlt; row and are attached to the 
top edge of tlie pod, (.-ach one liy a .short stidk '' hieh is ex¬ 
panded into a broad pad when; it is lixtal to the .seiai, The 
structure of the .s(*ed is dirsmilied mi p. 223, 

Here is a key to tln^ nturii'.s of those raemliers of the Pea 
Flower family r.inninonly grown in gardens and parks. Horse, 
Broom, and Needle-whin idso grow in tin* wild state. 

A KFY TO Till': COMMONI.Y (TJlTnOVTEO 
l.KCillMtMOS.T; 

^ /TrfWiH (ind HlimltH tif wtmtly niiture 2 

'\ll«rbi:ii!f(iniH imd iimsoiil lA 

/('limbing It 

^ IN''* elimljiug 4 

../I'TnvMH l»right rod: Iwudtko l«ave.H lamsTKa oww 

’ I Flowoffl mnuvo, raroly wliito; in liimging oiimyM wjhtahia 

,/IdowfM }iHrt-ly or ontimly yellow fi 

’iFloworenntyollnw IT 


„/Hrimehm tlvimy or wiiiny 
’iBrarielitB without thoniH or spinesH 

./LoavoH liirgfl, forndiko 
Htnttll or idiHont 


On'mlpmajapmica 

7 


-/Hmva Himoi'it, itlftidmpuiy tiowsK 

f\haiiv<5« on yomig Hhootn, Hpiiii^ tm oldor Immolim NBi5m,}5-winN 

0 /Young HtenwRUimro; ItwiS'CHMintilk eaoh with throe loafiotn mtooM 
“ \ Stow not wpians IwwM larger tluui 1 incli 0 

'LeafiptH hi fliras; llowow in liangiiig «{trttyH UBtJENUM 

9 \Lmftets in HMira 

. ingiprays 10 


FLOWERS 

[ Leaves palmate (see Fig. 11); rounded shrub; 

10 flower spikes upright 
i Loaves pinnate (see I'lg. 11) 

/Leaflets in fives; romidod .shi-nb; flowers in small 


TinOO LUPIN 

11 


/.Leaflets in fives; ronnoon .snrno; jiowora m siiiiwi 
• SOOEI'ION .senna 

/ .. M . 11 .. l.T...),!,... 


] Leaflets eleven; flowers in small oltisfers; liladder- 
i like seed pods 

,„/Flowor8 in ujiriglit spikes 
^*\Flowor.s not in njiright .sjiikes 

/ Young steins square; leaves small, in tliree leaf- 
1 lots; flowers of Bovoral eoloiirs 
1 Loaves palmate (scse Fig. II); rounded shnib; 

1 flowers white or blue 

' Large heart-sliapod leave,s; ilowcfra rosy purpky 
14' Leaves pinnate (see Fig. 11); flowers in iiangiug 
sprays; white, rarely roi.,) 

../■plants olinihing 
^ ’ IPhmtH not (•limbing 


in-Amimi sisnna 


'mEll WIPIN 

;rni)A.H 'Wibe 
Lomm'i’ cm 

3 ,'At,KB ACACIA 


..../StoniH round 
^IStonis angular or fi(imii'e 

/ (Tiinbing by twisting si.eins; llowers r(id or wliite iiUNNKit ukan 


[ (Tunbm 
in spikes 

' I Climliing by leaf tendrils; flowers greenish white 
V in ones or twos nAimBN pka 

I Many flowers, usually more than (1; rose and 
J inkriHai, rarely whim cvkulahtinc I'BA 

I Flowers larger tlum in the {'IverliiHiing Pea, 
i uHiiidly 2 or It; various tiolcmrs swiimT pea 

/Leafloia ill threes; nearly hoart-shafied dwarf ukan 

^ I Leaflets not nearly Iieart-shapod 

(Loaves palmate (set) Fig, II), large; ilowora in up* 

20 right spikes (lAimisN lupin 

1 Loaves not iialmato 21 

f Lenflote large, 2 to 5; fiowora white with black 

blotch , WMiADimAN 

I 'Leaviw pinnate (see Fig. I I); flower spikes from 
1 leaf axils, blue or white ooa'Fs itUK 


(MHDBN pka 


DWARF IlKAN 
20 


(:lARm{N LUPIN 
21 


MiOAD 3i«AN 


OClA'r’S ItUK 


Promndaiiom _ ^ _ 

Oimlpiniajapmim (Heo-’/.al*pin* 0 "tth|a|w)n‘ik*ali) 
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Grasm i 

All tliosc wt! call gnisscs an; included in tlw; group 
of flowiirhig plant:;, :uul an; a family of the monocols. They 
have flowers wliieh are small and .siiicc they do not possess 
In’ightly eolourtsl petals, tlie avta'age person is not much 
interested in tlnmi. flowever, grasses form the bulk of the 
world's liiod siiiiply, (dther eaten as they are (the fruit of 
wluait, oats, rice, inaizt; and others) or alter tliey have been 
(iuten liylivt'sloek and eonvm'ted into metit, milk and eggs. 

Thtae tire many diflereut grtissits in England. One, which 
is very common indeed, is the Annual Meadow (Irass [Poa 
annua, po-tdi tmoiew-a, I'ig. ni). Von tire tilmost certain to 
find this either as a weed in tiie gmrden or growing in any waste 
grouucl or by the roadside. It is in liower from February to 
November, tuid iti January u).}/, i found ;i speeimen in flower 
in lli(‘centre i)f(l(iventry. , 

I iso the ilhiHtratiim Id lielp you to find ti there will 
proh-'bly he siwer.d in your garden. 1% it up, wash the soil 
from Its roiits, tuid extniiiue it. Von will need your hand lens 

and a [lair of mounted needles. ^ | 

'rii(? roots ajjpear as a mtr;s fif fine ihretids, which Wi; ittiil j 

a lihroiis root system to distimpiish it from tap root systems I 

such as those ofeiirt'ots, or par.Hutiis, or dandelions. Ihe plant j 
itself is tufted, wiiieli means tlial several stems ark from the 
root system, Each stem boars several leaves whieli ark in 
order from oppdsite sides. I'.xamine a leal cltjsoly. \ou will 
see that it lias a proiniueni vein nimiiug down llie centre, with 
other liner veins running parallel tu it. Remember that the 
po.ssessiou of {iarallehveineil leaves is one of the cluiraciers of 
monocols. , ' . , 

The leaf is not fixed to the, .stem at the point where it leaves 
it, bat it is WKippfd round it to flirm a sheath which runs down 
the stem, often for an inch or more, 'riieti the leaf base ends 
suddenly at a thii-kcncd ring on the stem called a node. ^ Care, 
fully strip offa leafiihc sheath will tear easily) and examinethc 
junction between the leaf blade and the sheath. 'Vmi will find 
that the sheath is continued upwards a little way pa.st Us 
junction with the blade, to form a very thin transparent wall, 
rather pointed in the middle, This is called the liguk. to 
growing plant it is lightly pressed against the stem and is 
thought to prevent water running down between the leal 
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slifuth and the .sK'iu, an cvtail, whicli might eventually cause 
the learshealh to rut. 

Some of the main sterns will end in a cluster of llowers. AH 
the flowers together on urn- stem form m\ infkrmeme (in-llo- 
res-s(‘nee). The inlloresi'enee is made up of smaller units 
called s])ik(;lets, and each spikcdei m Poa annua consists of from 
two to six actual fIow(‘rs. hook at Fig. 12 to htdp you to under¬ 
stand all this. Th(t llowers in a spikelel are rather tightly 
pressed together and, unless the flower is in bloom, you will 
see only tiur gnu-nish glumes which pnuect the delicate 
stamens and tin; pistil. Spikeleis iu bloom are yellowish and 
look quite difiVreui fi’niu tliost; not iu bloom, and are easily 
iTcoguised. With your hand lens you shoukl havtr no difficulty 
in seeing stamens and the tips of stigmas, hut not much of the 
structure and arrangement can be distinguished. 

'J'uke a pair of needles and tease out a spik(‘Ic‘t that is in 
Irloom. With can- you should lie able to obtain the pistil. You 
will sei* the ovary as .1 ^liiny dark green fiody, almost round. 
From till' 111]) of it aihu’ the two iir’anehes nf tlie stigma. These 
are pearly white and very feathiTy. Fatieuct' and skill arc 

rc(]tiired to obtain an undamaged phtil, 

The plants of Aumtal Meadow (irass go through their Hfe 
cycle in a lew weeks, 'fhal means that the s<‘ed germiim, s, 
grow.s into a new jilanl which (lowers and ripens its seeds, 
jind their the plant dies down, all in tlu. space of a few 
weeks. 

OlluT grasses have larger llowers and you should eonstantly 
be on the alert to find sjiccimeus of these. In some gnisse; the 
Stamens hang a long way out when the grass is in bloinn, 'ual 
their slnicture is easily semi with the naked eye. ‘^’ou will 
see tiiat the anthers are atiaclu-d by one side to very slender 
stalks. Because of this the wind can easily blow them about 
and .so shake off the pollen. The jruilen is currhal by the breeze 
and some may rrach the limthcry stigmas. These have akttcr 
chance of catching pollen than they would have tf tlicy were 
not much branched. 

Four other cotnmtm grasses you shouh! look for arc shown 
in Figs. 13, J.p and ifj. 

ItaJ-Ian Rvk (Ikass fFig, i;p/} is often used to make lams 
and i.s also strwn in grass mixtures that tire intended for raaluiig 
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I'lc., i3.- {«) Itiiliiin Rye (irass; (if) Cock's Foot Grass (both xf.) 


hay. The spikektts have no stalks and are arranged alternately 
on opposite .sides of the stem. Each spikelet is partly embedded 
in a groove of the stem and has below it one long glume. 

Cock’s Foo-r (Frass (Fig. i3i}~so called because the inflo¬ 
rescence resembles the foot of a cockerel-—is a very coarse grass 
and forms great tussocks where it grow.s. The flowering stalks 
may be upwards of 3 feet high. If you feel the mfloresccnce, 
it will be found quite rough to the touch. 
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to form new grass plants and in a very short time quite 
large areas of ground will be overrun by them. To eradicate 
Couch, one has to remove every bit of the underground stems, 
and as these are brittle and often go deep, this is a difficult 
job. The grass is most easily recognised by its underground 
stems (Fig. 15). 

Duckweeds 

A mass of tiny green plants is often to be found in summer 
floating on the surface of ponds and canals, and many 
slow rivers. This is known as duckweed. Collect a small 
amount and examine it. A single plant of the common species 
consists of a flat disc, roundish or oval in outline, and often with 



Fig. i 6,—Duckweeds, (a) Gibbous Duckweed 
from the side; (a') the same from above; (6) 

Lesser Duckweed, seen obliquely from above; 

(c) Ivy-Leaved Duckweed, from below; (d) and 
(d') Greater Duckweed, from above and from 

the side. (AH Xif.) 

smaller discs growing out of its sides (Fig. M) . These discs are 
known as fronds and are really flattened stems, not leaves, We 
know this because occasionally they bear flowers, and leaves 
never bear flowers. Hanging down into the water from_ Are 
centre of the underside of each frond will be a small whitish 
root. The frond and the root together form a complete plant. 
Very rarely, in autumn, you may find the duckweed in flower, 
when it will have one or two stamens and a tiny pistil. 

Leave a few duckweed plants to float on the surface of water 
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ill a jam-pot. Place the jam-pot where plenty oi’light hills upon 
it (but not direct sunlight). 11'you look at the duckweed after i 
a lew weeks you will realise why it is that in summer the whole i 

surface of some ponds may liecome covered with this 1; 

plant. j! 

Altogether there are live species of duekweed in Britain. The b 
eommonc.st .sjiecies is tlie Lcssw* Duekweed. The Gibbous ;| 

Duekweed (Fig. ibfl) is very mueh swollen underneath. ) 

Althougli found idl over Britain, it is much less common than * 
the Lesser Duckweed, as is also the ivy-Lcaved Duckweed. 

I’his latter plant has v<a’y irritgular outlines to its fronds, which 
are drawn rnit at one end into a sliort stalk (Fig, Hi c). The 
GreaUa’ Duckweed has bigger fronds than the other species ji 

and moreover has several roots on eai-h frond. It is not ctmimon, i; 

but occurs heri! and ilmre in most districts. The Rootless Duck- 
weed, witli very small frouds and no roots as its name implies, i; 
grows only In the snuth-easieru coimfits uf Kngland. 

All thesi; duckweeds can lie kepi in jam-pots full i»f water, 
but the Greater Due.kweed and the Ivy-Leaved Duekweed do 
not like being exposed to very bright sunliglit. .1 keep them 
out of doors under an ajiplt 'ree. 

Here is a key that will enable yo” to lind tlie names of the 
various duckweeds us you collect them. In one year you ought 
to find all species, with tlie oossihle exce|)tion of the Rootless 
Duckweed. 


KKY TO TllK .SI'KfU'lN (IP IHltTCAVklKl) 

/ Frond iri’i'Kulttr in outhm*, nt'urly | inch along ita I 

loiiKOHt nsiN; contituusl into a atiilk in at IwiHt 
t jiinf.,. iv\M.KAVKn mieJtwKn!) 

i Fronil nnmilwl in mitline 2 

, / No fmndH wry .Hinalt, iilioiil. inch KOOTf,KHH wiokwiki) 

^tonn or tnoro rntilH pnwut ® : 

IjKUidly inoro tlmu one mot, to rnwh frond; fronds 
at loiwt. I inch aeroKH, nHually ntnre; fronda 
,1 ofton juirplMi iindoiwafli oitKATKa mfCKWiiKB 

Ouo root to oaoli frond; fronda UHitaliy Iw tlmii 

, ^ inch aernaa T ^ 
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tlndoi’Kido of frond flattitih iviiiHSEU buckwbmi) 

tfndorHido of frond very Htrniipdy nTChod, inflated 
in ajiponranco; tlio HWollon part (loutainiiig 
small air clmmherH oibiioith iiuoKwiEri 


r/tfi scienttjk mwM of lltr. jilnnh mfiilmvd in thin ky fm-; 


lVy*I,KAVKO nUOICWKMO 
BOOTcnsa mroKWKmi 
mmATuii ini(!icwi.mo 
ysHMKii mKiKwenn 
oiBBons iwcKWiant 


Unim trimlm (lom-na tri-iml.ka) 

Lmna urrhizn (lem-na iir"ri-/.a) 

Lmnn •pnbirrhiza (lom-na poho-rl-'/.a) 

Lmna iiiinnr (lem-na my-uor) 

l.mmi ijibbim (iermna gib-holiHa) 


Collecting IHnuls 

It is easy ti» make a eollectiou of plauls, and if collections 
of tlw! common or churacteristic |il:inls are made from dilferitnt 
types of places (e.g., the seashore, chalk (smntry, and differemt 
types of woods), tliey will Indp you to realise th.'it a particular 
plant will iiol grow evm'ywhert!. You should never take away 
a rare jilant merely to ;idd it to a eollectiim. Perhiiji.s f ought 
also to point out he.re that as a rule il is usttle.v; to dig up ;i 
rare plant and take it lioine with tlie iiitentiini of growing it 
in tin; garden, liinmuse nsuaily sin ii plants dh; soon after ro 
moval iVom their iiutuna l.min s. A ipmleu is ;i most imuatiiral 
place for the majority of wild plants. 

To preserve a plant, all fh;il * rn'ces-ary is In dry it thor- 
ouglily. 'Fhis is done most simpK tiy phn.ing the plant between 
several thicknesses of uewspiiper and (lulting it ihit upon a 
table or on the lioor. 'I'heii plai'e a bourfi over it and add a 
number of books on toji to ptovitie sutlieient wttight to keep 
the uewsp;iper jiressed well against tlu* phmi, Alter some/lays 
(the actual time will vary witli the wetiiher) tlie phmt wilt he 
found to be tpiife dry. It is then removed and fastrm'fl to a 
.sheet of plain drawing paper, or thick typewriting jiaper, with 
tratispiirent .sticky piaper tape cut into strijis about i inch long 
and i inch wide. 

Each specimen should he labelled wit!) its place of origin 
and the time of tlu; year it was olilaincd. Notes and sketche.s 
of interesting things about il (e.g., any particular beetles or 
caterpilhu's hmud feeding tm il, whether il was growing in a 
specuil place such as on ;i p;ithway, wall, or the site of a fire, 
and details of its mulergronml parts) cun be added to llie sheet 
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:U llio bolloin, ci' to iuiotlicr sheet glued on to the edge. 

'i’he siiceiiuniK arc Ix'si kept each in a separate fold of news- 
irnat Tall plants, sudi as many grasses, will have to be bent 
ii’ito ii zigzag shape liefore 'Iwing I)n‘s.s(ah Plants that have 
ItceoirK; very limp ihrmigh losing too much water do not press 
well, (knisecinemly speeiineiis should be placed in a more or 
l(;ss airtight tin as soon as they art! gathered. In tins way they 
will kc{!p Iresli lltr three or four day.s. 


CHAPTER FOUR 


Ferns, Horsetails, and Mosses 


Perm ,. , 

P ROBABLY the Icrn dial is the must frequently e.nlttvated 
in gardens, especially in the midland and eastern counties 
of England, is the MAi.t: FiuiH, (dri-op-te-ris 

fil-iksmas). . , , i i 

The .stem td the |4aut is almost cnltrely imtha’gruiuid, and 
it gnrtvs horizontally, bmtring a mimher oritlack wire-like roitts, 
It is .several inches thick and is tjovti'ed with a mass ni Itrownish 
black material which is largttly the nJinuins of previous years’ 
leaves. 



Fm, 17 ,- .Male Fern, (a) [>orl,i<.n ui frond from al«)ve; (i) s Miigln 
fertile leaflet from btilow; (r) .i Negment of a leaf, enlarged to 
show the mode of bratiching of Hie veins. [ {«) (o) Xi, 
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The leaves are given off in a tuft from the youngest end of 
the stem, where also there may be a number of prominent leaf 
buds, thickly clothed in soft brown scales. 

The leaves of the Male Fern are large. 
Each leaf blade is broken up into a number 
of divisions on each side of the thick mid-rib, 
and each division is again broken up into 
smaller segments. A leaf such as this, which 
has the original leaf blade divided into 
smaller segments, is called a compound leaf. 
Fig. 17 will make the arrangement clear. 

If you look at one of the smallest divisions 
of the leaf with a hand lens, you will find 
that it is provided with veins and that each 
vein branches into two parts as shown in 
Fig. 17(c). This mode of branching is very 
characteristic of ferns. 

On the under surfaces of most of the leaves 
you will find prominent swellings which are 
roughly heart-shaped. In the early part of 
summer these sori are green; but later they 
become rusty brown, and the heart-shaped cover shrivels to 
expose a mass of tiny stalks, each with a rather glossy swelling 
at its tip. These structures arc too small to be studied 
satisfactorily with a hand lens, and it will be sufficient to say 
that they are the spore cases (Fig. 19). The spore cases are full 
of spores, tiny little bodies which are liberated in autumn and 
then grow into a new type of fern plant quite unlike the parent 
plant (see p. 41). If you will refer to p. 224 you will discover that 
seeds contain young plants tightly enclosed inside them. 



relationship to the indusium. 



Fig, 18. ■— A 
young leaf of 
the Male 
Fern, open¬ 
ing (x 4 ). 



rha/hs 
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Spores do not: they have a much simpler structure than seeds. 
Again, before seeds can be produced, an ovule has to be fertilised 
by a male element from a pollen grain, whereas spores are made 
without any process of fertilis- — 

ation. However, spores are 
capable, as are seeds, of growing 
into new plants. In Fig. 19 are 
drawings of a fern’s spore cases, 
made with the help of a micro¬ 
scope, to show you what they 
are like. It is just possible, with 
a good hand lens, to distinguish 
the structure. 

When a spore of a fern falls to 
the ground in a suitable place, x 6 

it germinates and grows into a 

flat sheet of green tissue which is rather less in size than the top 
ofa lead pencil. This structure is called a^roiMk. It is shaped 
as shown in Fig. 20, and is rooted to the soil by a number of 
hair-like structures growing from underneath it. In time.fi'om 
this prothallus a new fern plant grows (Fig. 21). _ 

Prothalli are not very easy to find. They are quite small 
and delicate, so that in dry weather they tend to dry up 
rapidly and die. To find them, you must look in places that 
are always more or less damp. In some towns you will find 
gardens built up behind stone walls several feet above the road. 
Often the wall separating the soil from the footpath shows 
clamp patches where water drains 
through. I have frequently found fern 
prothalli growing between the stones 
in such places. Usually I first notice 
them because there are tiny ferns growing 
on some of them. Fig. 21 is a drawing 
of one such prothallus and fern taken 
from a wall in Coventry during early 
October. In the west of England, which 
is wetter than most other parts, fern 
prothalli are not so difficult to discover, 
and ferns are much more abundant. 
Fig. 21.—a young Male jf yQ^ Q^n obtain a fern prothallus, 
with a young fem growing from it, you 
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slioiild be :tblc lo see lliiil tli(‘ yoiuiK (eni urises from luidcr- 
iicatii Ibe pnillialhis and (lien lieiids forward through the 
noteli in the edge of (he prollialhrs. You will set; at: oua; that; 
the yoiiiig lia'ii leaves are simpler and of a rather diflerent 
shape Ihim those of the more mature lia'n. As the young fern 
plant grows bigger, the prothallus dies away and the roots 
(if the'fern beeome establislied in the soil. 

EraokI'.n is perliajiH (he best known (if all our it-rns, for, in 
waste ]!lar,es, on commons and heaths, and in many woods 
(hiouglmut Britain, it grows in great expanses. The stem 



fui. I fit' .1 itnml of Il.irtS Ti.nRiir F'«rn, -/]■, fftshu: a 
ft.,ml »t{ t oiiineit! lc!vj..»lv. J: >1x^1?.' a .M-gnirnt of On* leaf 
uf tfii' {‘niumtm r.'lyjimlv ..li'i^oiiK tlm wiri, wjiii'!i hco! an* not 
to\('i«l by an iiidtiiiuin, / i. All Sffii fmni lirkAt. 
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erows uudergroiind and branehes repeatedly, mi in tills way 
bracken will'gradually extend its range, once it has obtained 
a i()(.)tiiold. At intervals the stem gives olfleaves whieh^are 
even inoi'e divided up ihan those ril^ the Male i'erm The 
smallest segments of the loaves are different from those ol, tiie 
'Male I'ern'in that the veins join together at the edges of tlie 
leaves to form u eoutinuuus vein I'onnd fhe marg;im The sirore 
(■■uses' also are found ronnd l!ie margins iiudernealli the leaves, 
whose edges art; inrolled lo form a iirnleetion for lliein. 

Braeke.ii is verv sensitive to frost, whidi at once kills both 
the young shoots'in siii'ing and the nnitiire plants in atOimm. 
Ill autumn the leaves of the old plants turn a rich lirowi,! iiolour 
and may reimnn slandimt all winter. In some areas bracken 
is a great miistiuee to farmers, for it may invade fields l:iy means 
ot its tuidf-rgroiind steins and reiidu' useless what: was once 
Konti pasture! When it has liecome ostaljlished bracken is very 
(Hfficvili to eontrol. It grows alnmdanily on nwny ol the hdl 
sides in Wales, where it is cut and Inn vested for use as bi'dding 
maleriid for faian animals. . , , 

TiiKdoMMOA I'oi.Ynrmv. PuhlmliWH dihidU' (pol-e-i:Hul*e-niil 
vukar-ay) and thfi IIarTs T.ixtan' I'kkn are^lwo kinds yim 
will find growing abnndanilv in ihr west ol Isngland and in 
Wales. 'I’lie Hart's Tongm- h m is alo. grown in gardens in 
other parts. The (lominon I’nlypody oticn gi'Avs tm walls. 
The kid'is not mm-h divid.d and the '.pme eao-s, whieh grow 
on the mideoade of the leaf .i-: ru'.iv brown palelies, have no 
cover (Fig. vv! mild]. The 1 bn t's Tongue I’ern has leaves which 
arc not d'ividetl at all. They aie Imig and hmad arid the spore 
casts kriu rows running .seross the niider ‘•urkice ol the leaves 
ilk rusty bans t rig. we A/h;. _ 

Many iians aie i uhKaied m pm*, indoors. I he .Maidknhair 
Fern is one, whieh you I .m vreoguiM* heeattse the spore eases 
are produertl iu sm.dl. np-lik«* drpre*Mnns at the nlgcs 0 the 
leaves, There is another lent, .Ufiimium kdlnjimn tas-pleen* 
C"um bulb-if-er-um;. whit h Ine. )oimg lerm. growing dneet y 
from its leaves. If ihe-e air reuiovetl and planted m soil, they 
will contimu; to gicw. _ 

If you are indoubt whetlmr a plant is a lennu'not, and you 
cannot find the spore < asrs, look at the side veins in tiie leaves. 
If these fork into two more or less e({na} bratiehes, llie plan 
is almost certainly a fern. 




PATTERNS OF LIFE 


44 

HomtaiU 

In Fig. 23 1 have drawn specimens of a tairioiis plant known 
as the l'’iEi,D lioRSETAiL, Equisdiim anmise (ek-we-scc-tum ar- 
ven-say). Tliese plants do not grow cvenywhere, but, where 
they do grow they may become a serious nuisance to gardeners. 

They tend to prefer a rather dry 
situation suidi as a railway bank 
or waste land. 

I’he first parts of the plant to 
appear above ground arc the cones 
(Fig. 23). 'I’liese are borne at the 
end of stout stems which arc pale 
ychlowish-brown in colour. Each 
(;one consists of a central axis 
to wliieh are attached very many 
scales which are rouglily six sided. 
Each scale, is fixed to the central 
axis Ijy a stout stalk riimiing from 
the centre of its under surface. On 
ttil.s under surlace tire also several 
chambers containing spores (Fig. 
23/;). Around the stem at the 
liottom of thc! cone is a ring of 
tissue called the mnulm (an-new- 
his). 

When the cone first appears, thc 
scales are tightly packed together. 
Soon, however, tliey become 
separated because the central axis 
grow.s longer, and then the. spore 
chambers arc vi.sible. Thc spore 
(diambers now burst open (early 
May) and the yellow spores arc 
set free and blown away. They 
germinate to give rise to structures 
not unlike the prothalii of ferns 
(.see p, 41), and from them new 
horsetails may ari,se. 

I'ic. 23. •• {«) .shoot of Thc stalk bearing the cone is 
j'k'id H|ns{;iiiii, iirariiiK !i peculiar in that it appears to be 

HiriBicbcak from tiie cone, x.), made up of many segments (hg. 
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23). At each node is a circlet of pointed leaves joined together 
by their bases. These leaves tightly clasp the stem and their 
tips are dark brown. 

After the cones have liberated their spores, they die away, 
together with the stems that supported them. Flowever, new 
stems now come above ground. These are the green stems that 
make food for the plant and they have a characteristically 
regular shape. At each node on the main branch (i.e., where 
thc leaves occur) a whorl of smaller side branches is given out. 
These have thc same structure as the main branch, being made 
up of numerous segments, each with a circlet of leaves at its 
base, and in their turn they give off whorls of branches at each 
node (Fig. 24). 

The stems are coarse to the touch and have a number of 
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shallow grooves running along them. When pulled, the stems 
come to pieces very easily, breaking off at the nodes, and it is 
a favourite pastime of country children to take a horsetail 
plant to pieces bit by bit in this manner. 

The various overground stems are all connected to other 
dark coloured stems growing below the surface of the ground. 
These underground stems often go down to a depth of 3 feet 
and give off rootlets at intervals. This habit makes the Field 
Horsetail a difhcult pest to eradicate once it becomes estab¬ 
lished in a garden. 

There are other Horsetails in Britain in which the cones are 
borne upon the ends of the branches of the main plant. The 
Giant Horsetail which is occasionally to be found growing 
in rather damp situations, is a magnificent plant 5 to 6 feet high. 

At the present time the Horsetails are an unimportant group 
of plants, but they have not always been so. In remote geo¬ 
logical times they were one of the dominant groups of plants, 
possessing forms that were similar to tall trees. Horsetails were 
abundantly represented in the floras of the vast Carboniferous 
swamps in which, some two hundred and fifty million years 
ago, our coal was being formed. 

Mosses 

There are many different lands of mosses and all the common 
ones are rather small. However, as their fruiting bodies are 
often most conspicuous, an attempt must be made to tell you 
something of these plants. 

Mosses grow on walls, roofs, in the blocked-up gutters of 
houses, on damp pathways, in lawns, and upon waste ground, 
as well as on the floor of woods. The moss I have chosen to 
describe is called Pmark hygrometrica (few-nare-e-a hy-gro- 
niet-rik-a) . It grows upon waste ground, particularly in places 
where there has been a fire. The specimen drawn in Fig. 25(fl) 
came from an old pile of cinders in the garden. 

The Funaria plants grow clustered together forming a close 
carpet about | inch deep. Covering an area of a square inch 
there may be as many as 1,000 plants, so tightly are they massed. 
Each plant consists of a central stalk which is clothed in a 
number of delicate green leaves. When the plant is dry, the 
separate leaves are difficult to distinguish even with a hand 
lens, but, if the plants are soaked in water, the leaves become 
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Spars Case 


Leaf ■ 


much more distinct. The 
lower end of each stem 
is loosely covered by 
withered brown leaves and 
is continued under the 
soil as a dark brown stalk 
which gives off a number 
of root-like hairs. These 
structures, called rhizoiis 
(ry-zoids), perform the 
same functions as the roots 
of flowering plants, but 
are much simpler in con¬ 
struction. The main stem 
may branch once or twice, 
low down, so it may appear 
as if two or three Funark 
plants were arising from 
the same underground Rhhoids'^^, 
part. 

At most times of the 
year, you will find that a 
number of the Funark Fig. 25,— (a) Funark hysrometnca, X3; 
plants in a particular patch ^ 2; (c) spore 

^ caseofPomnwMw.ana c cap calyptra 

are carrying Iruitmg of same, 

bodies. These are pear- 

shaped chambers borne on the ends of slender stalks an inch 
or more in length. The pear-shaped bodies are the spore 
cases, all full of very tiny bodies called spores—each of which 
is capable, under suitable conditions, of growing into a new 
Funark plant. 

The spore cases are 
green when they first 
develop, but gradually 
they turn golden, and 
then a deep brown. 
The free end of each 
case is at first closed by 

a lid shaped like half a 
Fig. 26,— Drawing to show the arrangement knii . Aj, 

. of the teeth closing the month of the spore 
case ofP'M«fln«. Much enlarged. Spore case npcns, tills 




Spore 

Capsule 
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lid falls off, but still the mouth of the case is closed by a 
number of teeth arranged as shown in Fig. 26. When the 
weather is dry, these teeth open outwards to allow the spores 
inside the spore case to be shaken out and blown away by the 
wind. 

A moss commonly found growing on walls in towns is Toiiuk 
mutalis (tor-tu-la mewr-ay-lis). The actual plants arc l)arely 
I inch high and the stalks of the spore cases no mure than | inch 
long. The moss grows in tight cushions pressed close to the 
^ stonework and from these cushions 


/ numerous spore eases grow out. 

/ IJ j Each spore case sticks stniight 

m I \ ii upwards from the end ol'tlu; stalk 

If I // that bears it (Fig. 27«). The leaves 

11 [ of this moss arc quite small and 

I I usually dried up, but, if the plants 

I i • W urc fipt soaked in water and then 

W I examined tlirougli a hand kms, it 
(b) (a) (c) will be seen that caeli leaf is 

Fio. 

X2; (6) single leaf, and (c) PUlllt (Ilg, 27/dj also that the 
spore case, of same, both X10. leaves art; curled inwards along 
their edges. 

A moss often to be found on heaths or the floors of woods is 


shown m Fig. 25(11). This is a species of flu; genus hlytrichnm 
(pol-e-tri-kum). It is much larger than the other mos.ses mtm- 
tioned. The spore cases are usually covered with a cap of silky 
material somewhat like a dunce’s cap. If you remove this, you 
Will find the spore case underneath. 

Mosses may be dried and prc.ssed in a similar way to otlier 
plants (see p. 37). When dry, they can easily be fixed into an 
exercise book with strips of gummed paper and can form an 
attractive collection. 


CHAPTER FIVE 


Moulds, Toadstools, and other Fungi 

Moulds 

VOU will frequently find tiny plants called moulds growing 
on stale liread, old cheese, damp leather, rotten fruit, and 
suchlike .substances. Moulds arc members of the Fungus group. 
We will study particularly the Black Mould, Muoor (mew-kor) 
because this is rather easy to grow at home. 

Mum may easily be grown ui'ion boiled potato. Boil a fairly 
large potato in its skin, after washing away any dirt. Then 
mash tlie potato and sqiice.zc it into a cake that will fit easily 
inside the mouth of a two-pound jam-pot. Place the cake of 
potah) on an old saucer and sprinkle some dust on it or simply 
leave it exposed to the air for lialf a day. Then cover it with 
the jam-pot and phice it in a warm cupboard, 

^ After a few days the potato should be covered with a pale 
silky growth. If you examine this under a hand lens, you will 
sec tluit it is made up of innumerable thin glistening threads, 
to all appearances inextricably entangled. The threads arc the 
body of the Mucor plant. Each thread is called a liypka (hy-fii: 
hy-phee ph), and all the threads together are called the 
mycdiim (my-see-Ie-um). Many of the hyphaj will be buried 
in the potato on which they ;ire leeding. They arc very delicate 
and arc likely to shrivel if left exposed to dry air for many 
minutes. 

For a few days the mycelium is all that there is to be seen 
of the Mucor. A little later, however, the mycelium begins to 
produce structures connected with reproduction. These are 
the spore cases, and they are easily vi.sible to the naked eye as, 
little black swellings at the ends of hyph® which stick up into 
the air,^ so that each spore case on, its stalk looks like a tiny pin 
with a jet black head. 

Inside each spore case are the many tiny oval spores, but 
they are far too small to be seen even with a hand lens. The 
spores are special units that the plant breaks off from itself for 
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tlio purposes ol' r('])rodu(;lit)i!. They art; liltnvn jiway by the 
wind and ip'tnv into nc.w iMwor plants if they fall on suitable 
material. As they arc produced iii inmwaist; mirnb('r,s, tlu!y are 
prc.seiit in alino.st any sanijtle of dust. 

If you Ituive the [tiecc: of fxitato, you are idniost certain to 
obtain other nioulds on it, but; usually they lake rather htnger 
than the Mucor t(t grow, 'riiat rtuuarkjiblc drug PK.N'uai.r.iN, 
which is of such value in the tnaitiuent of many of the diseases 
caused by those small genus calh;d bacteria, is obfaiut'd 
from a mould called Pmidllmm mtolum (|)en>e-sil-le-uiu note- 
ay-tuiu). Tliis species is rtitlier rare, Imt unolher spee.it^s, 
Pmdllmi (p. glaw-kuin), is probably the eorinuonest 
mould in the world. Jl is found on t:he<;se, tlainp letuiier, fruit 
and bread, and is almost ceriaiu to grow on the potato. Here 
the sjjoreH are borne in long cliains, 

IHIt, as several cllain.s* start Irom lusir 
one another at the tip of a hypha, 
tlu; ap|)earaiice under the luieroseope 
is ra t tier likt; a tuft. 'Fhe .s{)t»res are 
green. 

Another Itnigjis^ which has green 
.spores, will apjiear on a slice offjread 
kej)t for about ten days in an empty 
cficoa till with the lid on, This is 
eiiHed Etmlium (ye\vr«oii»u>um). 

'I'he spores liere also are Ireely 
expo,seel to the air, and t:an be seen with a hand lens (Fig, sH). | 

Mushroom ami Toaihtooh I 

The moulfls an; ail rather sniiill, btu then* are larger kinds 
of huigi. M(;mbers cif the group to which mushrooms and load* * 
stiinls belong are kimwn to evetyone. The scieutilic name of f 
this group is the Jksidiimiycetes (bav-sid*e«o-my«seet-ec'Z), Thk ; 
Mushroom will be rleseribisl iirsi' and tluai a little will be said 
about some other members of the group. 

The part of the rrmshroom eaten i.s only the fruit body with 
its .stalk. The remainder of the plant compri.si'.s a mycelium 
consisting of many white hyphtu. It is this mycelium, usually 
growing in pc'iit, which is sold by dealers as musliroom spawn, 
and may givc^ you a crop f jf mushrooms if planted in the lawn. 

The mycelium livc's in the .soil, feeding upon decaying plant ^ 
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and animal matter ju.st as Mum ll'cds on |)otat() or liread. If 
the weather and otlier conditions are suituiile, the niyceliimi 
will linally produce the fruiting l)odi(;s or iniisliriioms. These 
usually appiair, in the op(;u, during hiU; siunnu'r and autumn, 
but cultivated mushrooms can now be obtainerl all the year 
round. The mushrooms arc; ciunposcd of'hypha; tightly jiai'ked 
together to form a solid mass. 

Mushrooms lirst appear above the; soil as tiny white p(;:u'~ 
shaped olijeets called “Iiultons” by the cmmlry I'olk. These; 
grow very rajudly and in a lew hours turn into tin; typical 



l-'ic, JO," t'diiiiiMiii (a) (‘iitii'i', (i)iil (h) loiijv'iiiitlinul 

NtictioiHif yiiiniie.'.in’dmi'n. (ItntJi i,) 


raushrejom shape;. 'Flu; thick white stalk of the musliroom is 
continuous witli tlie uiyeeliuin just below ihi' ground. At its 
free end, the stalk bears tin; cap (I’ig. apa). 

On its top surface; the i;ap i.s ge:iitly roimd<;dj Iml utKh:;ni(;at;li 
it bears very many thin plati'-like stnictur{;s termed the gills. 
These; radiate from the; c<;nlral stalk to the; edgi; of the taj), 
like the spokes of a wheel. Tliey are not lix(;d tt> the; sUmi, but 
arc joined to the cap all along their l(;ngth. At lirst they arc 
pink, but later lK;eome a dark brown ancl fmally almost black, 
The spoils are fleveiopcd on the; gills and the colour-cliauges 
of tlm gills are due; to cliuuges in the colour of the spons as 
they ripen. When the spoms are ripe, they hdl from the gills 
and are; blown a^gy.bj^llie wind, often, for, ^r(>at distances. If 


.. 

.. 
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a spore happens to fall on a suitable piece of ground, it grows 
into a new mushroom plant. 

At the edge of the cap of a mushroom will bc louncl tiag- 
ments of a rather thin tattered membrane. This is called the 
“veil”, and in the “button” stage it stretches across Ironi the 
edges of the cap to the central stem to which it is attached 
(Fig. agi). Consequently, at this time, the gills arc shut ol 
from the outside world and beconie visible only whcii tliu veil 
is torn as the mushroom increases in size. When that hajipeiis, 
the veil leaves a distinct ring of tissue round the stern. 

The black spores of the mushroom are produced in great 
numbers, as you may easily prove for yourself by making a 
spore map. To do this, cut off the stalk of a young mushroom 
close to the cap. Then lay the cap with the gills downwards 
on a piece of white paper and place the paper in a cuplxiard 
where it will not'be disturbed. Leave it for 24 hours. Alter 
this time, when you remove the cap, you should find the papcjr 
covered with spores, neatly arranged along the lines ol tho gills 
from which they have dropped. Somctinies there will l:)c so 
many spores that they become piled up in distinct ndges. 
The spores arc extremely light, and if you find that air currenls 
have spoiled the pattern, repeat the experiment, but, this time, 
cover the cap with a basin to prevent any air movements near 

the cap. . 1 I' -r 

If you make spore prints of several different kmd.s ol 1 oad- 
STOOLS, you will soon find that spores arc not always black. 
They may be, according to the species, white, green,_ pink, 
brownish, or blackish purple, and it is not always possible to 
tell the colour of the spores from the colour of the gills. Jt is 
a good plan to make a collection of .spore maps of different 
fungi, but, in order to keep them unspoiled, you will have to 
make them on waxed paper. ^ 

The waxed paper in which cornflakes arc packed is excellent 
for the purpose. If this is not available, you can fairly easily 
make your own waxed paper. _ ^ 

To do this, melt a piece of candle wax in a wide tin Im or 
an old pan, and place in it a piece of paper, Ordinary drawing 
paper, or brown paper, serves quite well, When the paper has 
become thoroughly soaked in wax, remove it and allow the 


'i' lt lias been estimatefl that sporos ai’o liberatod from an avenigiVHizod 
mushroom at the rate of one million a minute for about two days. 



i t A limckct i'liiigiiii I'miu Ijio trunk ol:' n 

ilyiiift uliii (:iw. Tlin top pinto whm lii iiirliiy uiTOHft, Tho I'utiguH iippoiirod 
j’uiir nCtiu' 






of tile -w outi i4 coverefi with bhiebelLs. laiivel. Xntf' xlint .<muG of tlie cap 5 have been uibbled. 

probably by mlee. 
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surplus wax to drain off. The wax left on the paper will soon 
harden. 

Place your toadstool cap on this waxed paper and leave it 
overnight. Only a thin layer of spores is needed, and when 
this has been obtained take the paper with the spore print on 
it and warm it cautiously so that the wax just melts. A good 
place to heat it is on an electric hot-plate, with several thick¬ 
nesses of newspaper between the hot-plate and the spore print. 
It may also be heated on a tin plate over a low gas flame, but 
here again you need several thicknesses of newspaper under¬ 
neath the wax or it may be too strongly heated. If the wax 
becomes too “runny”, or if there is too much wax on the paper, 
the pattern may be spoiled and you will have to start all over 
again, but if you are careful the spores will simply sink into 
the wax without moving about on the paper. Then, if you let 
the wax harden again, you will have your spore print “fixed” 
and you can keep it between the leaves of a book, or in your 
Nature Book if you keep one (as you certainly should). When 
you compare a number of 
spore prints, it will become 
obvious that the arrange¬ 
ment of the gills is not tlie 
same in all toad-stools. 

Some toadstools, unlike 
the mushroom, do not have 
a ring around the stem 
(Plate II). Others, instead 
of having an umbrella¬ 
shaped cap, like that of the 
mushroom, have the cap 
hollow in the middle some¬ 
whatlike an umbrella turned 
inside out, while others 
again have a long, more or 
less cylindrical cap rounded 
to a blunt point (Plate 11 ). 

Many toadstools, in the “button” stage, are completely 
covered by a membrane called tl\o tinimrsd veil (Fig. 30). As 
the fungus inside grows bigger, this veil is torn. Part of it 
remains on the cap and splits into separate flakes, while the 
rest of it forms an irregular cup round the base of the stem. 


F 
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This cup is called the volva. Those toadstools without a 
universal veil cannot have a volva. Some toadstools have both 
a ring and a volva, while others have neither. 

Other Fungi 

So far, we have discussed only those mushroom-] ilce Basiiio- 
myceies that bear their spores on gills underneath the cap. There 
are two other prominent kinds, the Spine-bearers and the Pore- 
bearers. 

The general shape of the Spine-bearers resembles that of a 
mushroom, except that underneath the cap there are no gills. 
Instead, there are very many small spikes which arc closely 
packed together and may be up to i inch in length. The spores 
are produced on these spines. 
(Fig. 31 is a drawing of Hydnum 
repandum (hid-num rc-pand-iim) 
which grows on the ground 
in woods.) Some of the other 
Spine-bearers do not look like 
toadstools kcausc tliey have 
no stalks. They grow a.s flat 
sheets closely prcs.scd against 
the structure—usually the bark 
of a trcc—on which they arc 
living. 

The PoRE-BEAREios arc easy 
to identify because in them the 
spores, instead of being formed 
on gills or spines, arc produced 
in narrow tubes which open on 
to the surface-layer by small 
holes. Some of them look like toadstools, but, instead of gills 
being present under the cap, there are many tiny hole.s, each 
leading into a tube. The layer containing the tubes is easy 
to separate from the flesh of the cap. The common toad-stool- 
like Pore-bearers all belong to the genus Boletus (bo-leet-us), 
and in many of them the flesh of the cap turns blue as soon 
as it is broken and exposed to the air. 

Other Pore-bearers have either a stalk at one side of the cap 
or no stalk at all. The conspicuous ones of this group are the 
Bracket Fungi that grow out like small shelves from the trunks 
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of trees. The mycelium of a bracket fungus is inside the tree 
and, in time, will kill it. The structure is much the same in all 
cases. There is a fairly thick cap which may be quite hard, 
leathery, or soft, and, underneath it, is a layer with the tubes 
that contain the spores (Plate I). 

Some bracket fungi remain for many years in the same place, 
but others grow out from the trunks of trees within a few weeks, 
shed their spores, and wither away soon afterwards. You may 
often sec bracket fungi growing on trees in towns. Elm and 
birch trees in particular seem often to be attacked. 

All the above fungi have the structures that bear the spores 
freely exposed to the air. In the Puffballs and Earth Stars 
this is not so. Most people have, by squeezing a puffball, made 
it emit puffs of “smoke”. The “smoke” is really a cloud of 



Fm, IL'fili '’tar, Gmster fmimatus] (i) Puffball, Lyco- 
pcrilottimforme. liotli slightly focluced. 


spores, and you will get some idea of the enormous number 
of spores produced by tlicse fungi if you obtain a puffball and 
keep on squeezing it until it no longer .smokes—if you can!* 

The young puffballs arc white, pear-shaped structures, with 
a rather warty skin. If you cut a young one across with a knife, 
you will find a jelly-like mass inside. This will ultimately give 
rise to the spores. As the puffball ripens, it gradually dries 
and turns brown, and an opening appears at the top through 
which the spores escape (Fig. 32ft). 

The Earth Stars are rather like the puffballs, but much 
rarer. They differ in that the wall is divided into three layers 
when they are ripe. The two outer layers split into several leaf- 
; *Tho GiBnt Puffball is said to jirodiioo sovon million million sporssl 
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like portions and spread outwards so that they resemble a star. 
The inner wall remains to enclose the spores which escape 
from a hole at the top (Fig. and Plate I). 

Also belonging to this group are the stinkhorns, of wliich the 
Common Stinkhorn can often be found under trees where there 
is much rotting material. When ripe, a Common Stinkhorn 
has the shape shown in Fig. 33. The white stalk, which is rather 
brittle, bears a thimble-shaped 
structure at its tip. This is thickly 
covered with an olive green slime, 
and has a very unpleasant smell 
(hence its name). The slime, how¬ 
ever, is very sweet to taste, and 
mixed up with it are the spores. 
Flics are attracted to the stinkhorn 
by the smell and feast upon the 
sweet slime, and, when they fly 
away, carry some of the spores 
sticking to their liodics. 

If you dig up a Common Stink¬ 
horn, you will find attached to the 
volva at the base a number ot 
white cords wlii'.h spread away into 
the surrounding seal. These white 
strands are part ol the mycelium 
of the Stinkhorn and usually they 
have attached to them several 
white rather elastic structurc.s re¬ 
sembling “eggs” of various .sizes. 
The “eggs” are young Stinkhorns, 
and, if you cut one down the centre 
with a sharp knife, you will be able 
to sec the developing Stinkhorn 
sMimradal by ‘bick layer 
of jelly.: 

It will be seen that the fungi form a most interesting group 
of plants, Their body walls are made of a different material 
from tire cellulose that forms the body walls of other plants 
(cotton wool is pure cellulose). Fungi never contain the green 
colouring matter chlorophyll (klor-ro-fil) which enables other 
plants to make their own foods. Hence fungi require a supply 
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of ready-made food. This they absorb through the tips of the 
hypha; forming the mycelium. Some fungi obtain their food 
li’om the dead bodies of plants or animals, or from non-living 
products of plains and animals (e.g., cheese), maldng the 
material soluble, if necessary, by means of special chemicals 
produced by the hyphae. Such fungi are called saprophytes 
(sap-ro-fites) and this particular way of life is called saprophytic. 
Other fungi obtain their food directly from the living bodies of 
plants and animals, usually causing serious harm to the 
organisms they attack. Such fungi arc called parasites. Both 
the parasitic and saprophytic modes of life are found in other 
groups of organisms. 

There are numerous other fungi in addition to the types 
already outlined. A whole host of small forms are parasites, 
among which may be mentioned the blights and mildews that 
attack garden crops, and the rusts and smuts, some of which 
attack cultivated grain. Ringworm is caused by a fungus that 
attacks the skin of the scalp, while yeast—-used for brewing and 
brcad-baking-™is another small fungus. A study of these forms 
requires a microscope and is licyond the scope of this book. 

^‘Wilchcs’ Brooms" and “Fairy liings" 

Two interesting things you will come across on country walks 
are “witche,s’ brooms” and “fliiry rings”. Both of these are 
caused by fungi. 

A “witches* broom” is the name given by country folk to the 
dense clusters of small misshapen branches that occur on 
certain trees, especially birch trees (Plate II). The mass of thin 
twigs may be not much bigger than a tea-cup, or it may be very 
large and look like a crudely built nest of some large bird, 
These structures are similar in nature to the galls discussed in 
chapter 28 (p. 284), and are the tree’s response to the presence 
of a vay tiny fungus growing upon it. It used to be believed 
that witches’ brooms grew only on trees witches had flown over 
on their broomsticks during their nightly rides. 

“Fairy ^rings’’ are found in grass fields and are most con¬ 
spicuous in autumn. They arc circles of brighter green grass, 
the circles sometimes being four or live paces across, but often 
less. Frcqiicntl)r you will find toadstools growing round the 
ring, and these, in the case of any one ring, will be all the same 
kind. The old belief is that the fairies dance round the ring at 
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night and use the toadstools to sit on when tliey ‘ifc tjjcd. It 
is often possible to see a more or less bare (urelc running tin ough 
the ring of greener and taller grass, as if a track luid indeed 
been worn bare by the feet oi circling iaincs, _ 

llmZ, it is now known that the rings increase in ^^ze 
year by year, and that they arc caused liy the inyceliuin ol tlu 
fongus^whose fruiting bodies are to be found round the iing. 
The mycelium originally started as a spore at one point iind 
from there gradually spread outwards ni all directions amo 
the grass roots. This accounts for the circular shape. . n 
diately beyond the zone where the my hum las rctiched, the 
more lush, probably stinudauid sul-anccs fpvcn 

off from the tips of the hyplue. Tlie grass is killed mmicdiati,./ 
above the perimeter of the mycelmm and this * 
patch. The grass has grown again m ac llu. iaii) 

Tt seems to be only the tips of the hyplue that arc luiinilul. 


CHAPTER SIX 



A. Sni P'hh -Tk Herring 

■ ri-l!'. 1 ERRING has been i. isim as my main example of a 
A !'•;;!( t'ccausc it is fairly large and can also be obtained 
cheaply VC most seasons of liie year. 

Ii, colour, a herring is a dark metallic blue on its upper 
sut'tacc i}ut the blue jp'aduaJly merges through light brown on 
the sidc:< to a silvery white on die ventral (underneath) surface. 
Very many otlier :(isi..es have::: similar dark coloured back and 
a, .silvcrv belly, 'flii'' kind of shading helps to make them diffi¬ 
cult to see in' (lie WR ior, as iS explained on p. 212. 

The first thing to sirike one aliout the shape of the lierring 
is the ‘.mooth liutline of the body, whose depth from the 





Fio, 34,~-Th(} horring, Xh 


donsaJ (top) surface to the ventral surface is greater than^tlie 
width from side to side. From the pointed snout, the sides 
of th-T liody curve gently backwards and outwwds to the 
diicfet point of the body, about onc-tliird of the distance from 
the head to the tail. From here the body gently narrows to the 
tail. aSuch a body is said to be streamlined and its shape helps 
to redut:c the resistance offered by the water to motion, ^ 
With the exception of the head, the body is completely 
covered by nmncroiis scales which overlap one another some- 
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what like the tiles on the roof of a house, though fish scales arc 
more or less circular in shape. The scales are embedded in 
the skin but can easily be scraped away, and, indeed, many 
will be found to be loose on purchased herrings. 

The mouth of the herring is at the; {:;xtrcmc front of the body. 
Normally, in dead fishes it is closed or only sliglitly open, but 
by pressing down on the lower jaw you will lie alile to open 
it quite wide. Inside the mouth will be seen the tongue, and 
behind tliat a number of wliitish processes pointing forwards 
and looking raliier like the teeth of a comb. These are the gill 



Fk;. 35.-.Ilefid of a luirring, with the operculum removed 

from tht! lett side to display the gill,‘i, xn 


‘bakers” tliat lielp the herring to filter ftnid |Kirticles from 
watt;r taken in tlirough the moutlu The tip of the lower jaw 
has a number of line teetli which can be felt by drawing tlie 
finger gently over them. The .sides of the head and jaws are 
supported by bony plates, Those supporting tlic jaws can 
move on one another because they are connected together by 
pliable membranes. 

On top of the head arc two small holes, which arc the nostrils 
(Fig. 35). Behind and below them are the prominent eyes, 
usually'coloured more or less red. The outer surfaces of tlie 
eyes arc much flatter than in humans and other mammals, and 
there arc no eyelids in fishes so that the e)[es cannot be closed. 
The black disc in the centre of each eye is the pupil through 
which light actually enters the eye. .. 

Where the lu;ad joins the body there is a movable flap on 
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each side called the gill cover. When one of the gill covers 
is lifted, the gills will be seen lying underneath. Each gill 
consists of a U-shaped hoop of bony material to which are 
attached many delicate filaments lying side by side like the 
teeth of a very fine comb (Fig. 35). In living or freshly killed 
fishes the gill filaments are a bright red colom’ on account of 
the blood they contain; but after death the colour soon changes 
to a dull chocolate brown. 

There are four gills on each side, situated one behind another, 
as you may easily verify by lifting them. There is a passage 
way between each gill and the next, which leads into the 
mouth cavity. It follows from this that a pencil can be pushed 
through the gill clefts from outside to come out through the 
mouth. 

The gills are the breathing organs of the fish and do the 
same work as our lungs. During its life, the herriug continually 
gulps water into its mouth and passes it over the gills and out 
from under the gill covers. As the water passes over the gill 
filaments, some of the oxygen dissolved in it passes through 
their walls into the blood they contain, and carbon dioxide 
passes out from the blood into the water. The respiratory 
movements can be best observed in fishes kept in aquaria. 

About one quarter of the way along the herring’s body from 
the tail end there is a small hole in the mid-line of the ventral 
surface. This is called the anus and is the hind end of the 
food canal. Through the anus waste matter is passed from 
the fish’s body. The reproductive cells, eggs or sperms as the 
case may be, are liberated from a small aperture behind the anus. 

The region between the anus and the end of the body is 
called the tail and it ends in the tail fin, a flexible sheet of 
material supported by many fine stiff rods, the fin rays. ^ 

Apart from the tail fin, there are six other fins on the body 
of the herring. All have a similar structure, that of a sheet ot 
membrane stiffened by fin rays. On the back of the fish, just 
behind'the mid-point, is the dorsal fin. In a dead fish tins will 
be folded along the body but it can easily be pulled up to the 
position shown in Fig. 34. This is the position it has m a ive 
fish. The fin rays of this dorsal fin will each be seen to_ divide 
into four branches near the free end, while the fin itself is 

covered with fine black dots. _ -j r „ 

Just behind the anus is another fin, also m the mid-linc^of 
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the body. This is called tlic anal liii. The pair of pelvic (ins 
arc .sitUiUed 011 the ventral surface at alioiit ilu- mithpdint, 
'The remaining' Iwc) Uns are found, om? on eacli sit hr, just behind 
the gill covers, They arc calleil die pectoral (I'M-k-tor-al) lins, 

Tltc lijis arc used to enable tlie fish (o kee[i its balanct,: rvlicn 
it is moving tlirmigh the water, Thtw' tin nut assist in the 
swimming movements to any exteiii. J'ower litr i'orward inovti- 
ment come.s only from dm tail us it is swept liuin sithr to side. 

Do not tlirow tiie lierring away as soon as yon h:ive examined 
tmd drawn itj tind afutr a day or ivs't 1 look at it in tin; dark. 
You are almost eerlaiii to hud that if is ghnving with a t.:old 
mysterious light, dhis as it is called, is eansiai 

by the activities ol‘certain bacteria, much loo small to Im s(*en 
without Ji powerful mii:roscope. 


A l^mkmkr FisiH-Jk Slkklelun'k 


The S'ncKLWiAOK (oftmi known a-; fhe “fiddler”) is the 
smtillest British freslnvaterlish. Most ponds, ditcheM, river.i, and 


/ 
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the like, contain .sfickk 
backs, whhhseem Otbe 
able to live in water lli.ai 
is imsiiifulde hir other 
, hsli. *riie (lomniMii 
Htiiklehack has three 


{tromiiieni spines .situ¬ 
ate ‘ along its back, and 
from tlit'Kc it gets its 
lumit', The males light 
a good deal anioug 
tiiemsi'hrK, and often, 
if several are placed to¬ 
gether in an aqnaihmi, 
one will kill the oth(‘r.s. Female .sticklelmck.s are usually 
rather larger than the males, 

In.spring, as the lircetlingsiaison tlriiw.s ncttr, the Irreasts of the 
males become a vivid red, tmtl sucit fkhes tire known as “red¬ 
breasts” or “red-throats”. A “red-lireiist” i.s a particiiltirly 
interesting fish because it Iniikis tin miderwater nest from hits 
of pond weed and other plant material that it can carry in its 
mouth, gluing the pieces together with a .substance mackt by 
the kidneys and passed out from the urinary pore beliind the 



Fig. 36 .—(a) Minriinv; {h) Tliiw Hpiiitd Kliekf?- 
back. Ilotli filiglitly (•!ili(t|;ot. 
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fishes 

anus. The nest is built in a shallow depression on the bottom 
and looks raliier like a tiny straw barrel about i inch long. 

When it has completed the nest, the male stickleback per¬ 
suades a female to enter it through the opening left in one 
side, and to lay eggs in it. After she has done this, the female 
bursts her way out through the wall opposite to the opening 
through which she entered and swims away. Then the “red¬ 
breast” persuades otlicr females to come and lay more eggs, 
and not until there arc between fifty and one hundred eggs is 
he satisfied. No doubt the red colour developed on the breast 
of the male makes him more attractive to females and helps 
him to pej’suade tliem to enter his nest to lay eggs, though he 
will use li trce, if necessary. After the eggs have been laid, the 
male .stickleliack sheds male cells (sperms) over them. Each 
egg has to 1)(' ilirliliscjd liy a sperm before it can develop into 
a young .slickleliack. 

The “red-breast” docs not desert his nest as soon as the eggs 
are fertilised, Init remains near it on guard, ready to dart out 
and attat:k iutrudei's tliat miglit destroy the eggs. He will even 
riiplace liggs that get dislodged from the nest, and remove dead 
ones that go mouldy. 'I'lu; female sticklebacks themselves 
would eat the cg|t.s if they liad a chance. By fanning with his 
tail the “red-hreast” causes a current of water to move through 
the ne.st, in a.t the mouth and out through the opening that was 
made l)y the females in the opposite wall. In this way a 
coirstant sniqily of oxygen is Irrought to the developing eggs 
wliieh, hitcausc tln^y need plenty of oxygen, would soon 
exhaust that dissolved in the water around them if that water 
mmainwi .still. Tlu^ male stickleliack guards the nest until the 
eggs hatch and imitimies to watch over the young for a few 
days imtil they are more able to take care of themselves. 

Another small frc.shwiitcr fish, sometimes mistaken for a 
stickleback, is the niiimow. It can easily be recognised, how¬ 
ever, for it has no spines along its back. Minnows do not like 
.still water and prefer fairly rapidly flowing streams. 

When you go “tiddler” himtiug you may occasionally catch 
a Tim-Spined Sticklidiack, which, as its name suggests, has ten 
.slender spines along the hack in place of the three stout ones 
present in the Common Stickleback. ; _ 

.Fishes live on a great variety of food, including plant matter, 
small wtiter animals, worms, and even other fishes. In vymter, 
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with the dying away of the water plants, food tends to become 
scarce, and a number of British fishtis, such as carp, tench, and 
bream, bury themselves in the mud at the bottom of the pond 
or stream and stay there during the cold winter months. 
Sticklebacks and minnows do not bury themselves, but with¬ 
draw to the deeper water and almost cease to feed. 

Fishes that Urn in both Sea and Fresh Water—Eels and Salmon 
To conclude this chapter, mention must be made of the 
peculiar journeys undertaken by eels and salmon for the pur¬ 
pose of breeding. Eels live in ponds and rivers until they are 
about nine years old. Then a strange desire to go down to the 
sea takes hold of them, and away they go. If they are in ponds 
with no outlet, they will crawl out and slither across country 
making use of ditches and other damp places, until they finally 



Ftf^ 3 7.~Life cycle and breeding migratioa of the Eel. The adults swim to 
the region marlted by a black circle, lay eggs or sperms, and die. The 
„ Ijirvje, at first flat transparent creatures, take more than two years to gain 
. : the European coast, when they have the form: of elvers. The elvers ascend 
, the rivers in VMt numbers. 
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reach a river. Then they swim down the river to the sea and 
away across the ocean to a point in the Atlantic near the 
Sargasso Sea where it is very deep (Fig. 37). There at the 
bottom they breed, and then they die. From the eggs, young 
are hatched which do not look at all like eels, but are tiny, 
flat, almost transparent, creatures. These set out on the return 
journey to England, taking nearly three years to arrive at our 
rivers. By this time they have turned into tiny eels called 
elvers. The elvers swim up the rivers and in time grow into 
adult eels which, in their turn, will undertake the long journey 
to breed and die. 

Salmon also make a long journey to breed, but in their case 
it is from the sea into the rivers. The salmon grow to maturity 
in the sea and then move into mouths of rivers around our 
coa.sts. From here they make their way up to the head-waters 
of the rivers, often performing remarkable leaps to surmount 
waterfalls. In the little streams near the sources of the rivers 
th ; fe males make shallow troughs in the sandy bottom, and 
there lay their eggs. The males then lay sperms over the eggs 
to fertilise them, and the excited movements of the fish cause 
the cgg.s to become covered with sand. Here they develop 
into young salmon, or fry as the very young fish are called. 
The fry spend two years in the rivers before going down to the 
sea where they grow into adult salmon. The parent fishes do 
rot ’’VC long after breeding, although they may return to the 
sea, ouch exhausted salmon are called “kelts”. 







CHAPTER SEVEN 


Newts, Frogs, and Toads 

J(mts 

ri-^HERE are three species of newts in Britain, the Common 

^ Newt, the Great Crested Newt, and the Palmate Newt, I 
shall describe the structure and life-history of the Common 
Newt whicli in the eastern part of England is the most abundant 
species, though in the west the Great Crested Newt and the 
Palmate Newt are more common. 

Newts, like toads and frogs, breed in water, and there they 
may be caught in nets during the breeding season (April, May, 
and June). As a rule tlicy do not stay in the water after the 
breeding season, and towards the end of summer may be found 
under stones, decaying logs, piles of rotting vegetation, and 
siidilike places, in the neighbourhood of ponds. Often at this 
time newts will be discovered at some distance from water. 
I frequently come across them in autumn when 1 am searching 
for beetles. As a youngster I used to catch newts in the pool 
of an old quarry during the breeding season, by_tying a small 
lively worm to a piece of fine .string and throwing the worm 
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into the water. It would be seized by a newt which could then 
be hauled out because it refused to let go. 

The Common Newt (Fig. 38) is about 4 inches long when 
fully grown and is shaped rather like a lizard, but differs in 
that the skin is soft and moist to the touch. The general colour 
is a dark greenish brown with darker spots or dashes. The 
under surface is usually reddish orange with a number of round 
dark spots, though in females the spots may be absent and the 
colour of the belly is paler than it is in the males. The underside 
of the throat is whitish or yellowish with a sprinkling of blaek 
dots. 

The mouth is wide and slit-shaped and inside, round the 
edges of the jaws, are many very tiny teeth which point back¬ 
wards and are used for holding the live prey which consists of 
worms, insects, and other small creatures. On the head is a 
pair of nostrils placed well to the front above the snout, and 
two eyes situated on the sides of the cheeks. There are no 
signs of external cars. 

The head is continued into the body with hardly a trace of 
a neck. On the body are two pairs of legs, but these do not 
lie directly under the body, as they do in dogs, cats, and other 
mammals, but stick out sideways so that newts have a sprawling 
method of walking which is most ungainly. Each limb corre¬ 
sponds roughly to the human limb, with two main joints and 
at the end a hand or foot as the case may be. On each front 
limb there are four fingers but on the hind limbs there are five 
toes. The fingers and toes end in blunt knobs and there are 

no traces of claws. . i- 1 

In the mid-line of tfie ventral surface, a short way behind 
the hind limbs, is an opening called the rfwa (klo-ay-ka). 
Through this cloaca a newt gets rid of its waste matter and 
also passes out the reproductive cells, the eggs in females and 
the sperms in males (see p. 279). _ , 

Behind the cloaca the body continues as the tail. This is 
almost as long as the rest of the body and is flattened frorn side 
to side. It is by moving its tail that the newt is able to 

swim. , • T, 

Male and female newts differ from one another, especially 
in the breeding season when the male develops a showy heed¬ 
ing crest along the mid-line of the back. The crest, a thin fold 
of skin, runs from the head to the end of the tail, and its top 
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edge is wavy in outline. At this time, too, the orange belly 
siiiiace of tlie males become much brighter in colour. 

During the breeding season the newts live in water. The 
colours of the male grow more vivid and the crest becomes 
fully developed. The male tJicn tries to interest the female by 
sliowing-olf his colours and crest, and butting her sides with 
his snout. After a period of this courtship, he lays one or two 
small transparent jelly-like packets of male reproductive cells 
(sperms). Each packet is shaped sometliing like a mushroom 
and is quite big enough to be .seen willi the naked eye, being 
about one qinirter tlie size of a match head. The sperm packets 
lall througli the water to the floor of the pond and arc picked 
up by the female with the lips of her cloaca. Inside her cloaca 
the sperms are set free and swim up the egg tubes where 
ultimately one sperm joins with each egg present in the female 
to fertilise it. The female then lays her eggs, usually placing 
them cm; at a time on the surface of an underwater leaf and 
bending the leaf over, As the eggs ;irc sticky, the leaves remain 
curled over them. Sometimes, however, I have had Common 
Newts lay eggs in strings or ropes containing many eggs. It is 
true tliat this has alway.s occurred when the newts were kept 
in shallow dishes of water, not in deep tanks with water weeds 
growing from the bottom. 

After they have completed breeding, Common Newts leave 
the water and live for the rest of the year on land. During the 
day they remain liidden in phiccs where there is plenty of 
m(ji.stiir(q for on land they arc always in danger of drying up 
bceausc tlieir skins arc not “watertight”. After the newts have 
been on land for a short timey their skins darken and take on 
a gl()s.sy velvet appearance. 

The eggs are left to themselves in the water, and hatch in 


al)out a fortnight. From (;ach egg there emerges a tiny creature 
called a larva, a delicate transparent animal which really is 
quite beautiful to watch. The 
y S/ll Tufts larva have the general shape 

^ 7 ''*^ 

have no legs. Further, growing 
from each side of the head is a 
V tuft of feathery gills (Fi^. 39). 

F.o.39.-UmoI,Co«monNcwt, Actually each tuft consists of 
drawn September three separate gills. Through 
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these gills the young newts both obtain oxygen from the water 
where they live, and expel carbon dioxide. 

The larva of the Common Newt is spotted with yellow along 
its sides and tail, and the tail ends in a tiny thread. It feeds 
on small water creatures and grows in size, becoming less 
transparent. Soon the front legs appear, and after about two 
months the back legs also develop. Then the larva looks very 
like a small sized adult except for the tufts of gills. 

Towards autumn the gills disappear and the young newt 
now has to swim to the surface to gulp in air in order to breathe. 
In late autumn the young newts leave the water and spend the 
winter in a quiet state, They do not return to the water until 
they arc ready to breed, which may not be until three or four 
years later. 

KEY TO THE THREE SPECIES OF NEWTS 

Animal 4 to 0 indies long; skin covered with small 
warts; crest of male with jagged edge great obbsted newt 

Animal less than 4 inches long; skin smooth; crest, 
if present, without a jagged edge 2 


PALMATE NEWT 


COMMON NEWT 

Newts, together witli toads and frogs, make up the class of 
backboned animals we call Amphibians (see p. lo). Newts are 
sometimes mistaken for lizards (which are reptiles). They 
differ from lizards in having a naked skin without horny scales, 
in having no horny claws on the toes, and in having the tail 
flattened from side to side instead of from above to below as 
it is in lizards. Newts also differ from lizards because they 
start life as larva; living in water and breathing through gills, 
whereas lizards are hatched fully formed from eggs laid on 
land. 


' Tail ending in a short fine thread (v6ry_ short m 
females); hind feet distinctly webbed in breed¬ 
ing season; throat very palepiixk, without spots; 
crest of male quite low 

2 

Tail not ending in a fine thread; hind feet not 
webbed in breeding season; throat white or 
yollow with black spots; crest of male with a 
wavy edge 
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Frogs 

Frogs and toads diflFr in shape from newts, especially in 
that they lose all trace of a tail when they grow up, but the 
mode of life of all tlircc is imicli the same. 

Frogs lay their eggs in dense masses called frog spawn, but, 
before any eggs arc laid, the male and female frogs pair up 
together in the water. The male is carried on the back of the 
lemalc, liolding on tightly witli his front paws whicli are placed 
across the female’s “chest”. To enable him to keep his hold 
in the water (which makes the skin very slippery)the male frog 
is provided with a swollen patch of roughened skin at the base 
of each of his tlmmlis. This “nuptial pad”, which is black, 
provid(!S a good means of distinguishing male from female 
Ifogs. 

When the female lays licr eggs, the male lays sperms on top 
of tliem. The sperms swim aliout in the water until they meet 
the eggs, and then hu'tilise them, om,; sperm to each egg. Many 
more, sperms tlian (!ggs are produc{;d, but those sperms that 
do not find an egg soon die. 

Each fertilised egg at once liegins to develop into a tadpole. 
A newly laid egg is lilack on top and ycllowi,sh grey beneath, 
and is surrounded by a layer of jelly which rapidly swells in 
tlie water to form the feimiliar liog-spawn. The separate eggs 
forming the sjiawn cling together because of the jelly and so 
make it very dilFicult ibr water birds and fishes to cat tlie 
spawn, for as soon a,s a cluck, for example, fills its lieak with 
the spawn and raise,s its head to swallow it, the weight of the 
rt:st drags the spawn from the beak back into the water, 

The larvic that hatch from frog spawn differ from newt- 
larva: in liaving a very smooth body and no legs. These are 
the familiar tadpoles. The tufts of external gills soon wither 
away and are replaced by other gills situated on the walls of 
the tadpole’s cheeks. These opercular gills are not visible from 
the outside as they are covered by folds of skilly but on the 
left .side a little spout is to be seen. Through this comes the 
water whicli the tadpole has taken in through its mouth and 
passed over the gills. The hind legs are,the first to develop 
in frog tadpoles, the front pair not appearing until some three 
montlis after the tadpole hatches. When the young frog is 
ready to leave the water the tail gradually shrivels. 

In England there arc only two species of frog, the Common 


Ear Drum 
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Grass Frog and the Edible 
Frog. The Edible Frog is Nosin'/ 
found only at certain places 

in Norfolk, Bedfordshire, 

Oxfordshire, Kent, and 
Cambridgeshire. Edible 
Frogs can be distinguished 
from Common Frogs by 
several features. The Edible _ 

Frog is usually greenish in Fig. 40.-Head of Common Frog, to 
colour and, as a rule, is show the oblique dark coloured mark 

withnnt flip ninrp nr loss traversing the eye and ear drum. This 

Wltnoui me inorc or less mark is absent in the Edible Frog. 

triangular black mark, 

which in the Common Frog runs back from the eye to behind 
the ear drum (Fig. 40). Edible Frogs usually have a light 
yellowish or greenish line running from the snout down the 
middle of the back to the rump. 



Toads 

Toads differ from frogs in that they are of an altogether 
heavier build and more clumsy in appearance. The back legs 
arc shorter than those of frogs and the skin is thrown up into 
very many warts. The warts produce a white liquid which 
is extremely distasteful to most animals. I once had an Irish 
terrier dog called Flynn who would attack anything moving. 
One day, on a walk beside the river, Flynn discovered a toad 
and immediately seized it, only to drop it a second afterwards 
with a loud yelp. It was comical to see Flynn violently 
shaking his head and pawing at his mouth to get rid of the 
horrid taste, tie was still trying to clear his mouth of the 
offensive matter some minutes later, and though he encountered 
many other toads, Flynn never picked one up again. The most 
he would do was to stand a foot or two away and bark furiously. 

The eggs of toads are laid in long strings, often 10 feet or 
more in length. As the string of eggs comes from the body of 
the female toad, she winds it round the stems of water plants. 
It is made of jelly-like material and contains a double row of 
eggs. The eggs hatch into tadpoles very similar to the tad¬ 
poles of frogs, and they develop in a like manner. 

There are two species of toad found in England, the Common 
Toad and the smaller Natterjack Toad. The Natterjack is 
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jictincliiiifs ciilli'il ilu* (liiltli'u i^iu'k Toad hctatist; it has u golden, 
Ijaiid I'luiiiing along’ liaek I'nnn diif snout to the nuu)). This 
baud is absent Ihan the (loiniiioii Toad. The living animals 
iiiuy be di;;ting,uidieil by the way in wliidi tltey move, Tor while 
the (loinnioii 'load may niove liy a series of slow hojjs or else 
crawl slowly ahmii, the iXatnajack Toad neither hups nor 
crawls, hut runs for a 1! w paces, halts, and llaai runs (tn again. 

Toaits are most useful Irieiitls to gardeners. They cat unts, 
beetles, Hies, snails, and various other kinds of small animals. 
Tht;y wem to have a sti’ong ‘Imming” sense tind will return 
t(( th(; same reiieal over a jxa'ind of many months. It is also 
believed lliat the Tommou Toad returns to the pond where it 
was I’orn in ordt r ito-lf to bieeii in turn. IViuils are not poison¬ 
ous, nor is there any ii uih in the Itelief that, toads spit at people 
and Itlintl them, 'ihey aie qiute harmle.HS. 

The. mrutijli' nmm aj' l!i>‘ >mmtb wntiuned in thin aditipkr tm;— 
ei)MMOK Mavr frilnrm rtilunm (try-fiiwr-u^ viil-guni.iH) 

oauA'i'cueoeo M-.\\rTu;uru>ii‘ri::fKfn!i (Irj-aewraw kt'maiirtaia) 
I'At.MA'in Ncwr Triiiou.i liHvilkm llry-mwr-nHliebvril-iiMw) 
<'ommo.n oitA.sH iuoo U'lHii Umi>nrma {m-nti tt'in-po-rHro-o.tt) 

jsitnUfK I’lwu /i'loia wuknla {m-na ea-kew-lHutai) 

COiMON TOAn ISuJtibuJo {t}(m-IVi limV'ffi) 

NA'i«MA('K 'I'OAO llitjo mkniitti (hew-io kn-lmnai'to) 


CHAPTER EIGHT 


Molluscs 

(Snails, slugs, and muKscls) 

n^HERE is a phylum of animals whose members tire till alike 
A in having a soft body that is riot segmented, and in possess¬ 
ing, as a rule, a shell either inside or outside the body. Tlicse 
animals arc culled Moi.lijsgs tmd they include slugs, snails, 
oystens, mussels, oe.toituscs and eulitleOshes. 

Land Snails 

One of the commonest molluscs is the ordinary Garden 
Snail Hdh asfm'sa (hee-liks ass«pur-sa) (Fig, 42). It ctirries on 
the outside of its body a shell, into which it ctin withdraw if 
danger thrfCitens or if the weather liecomes unsuitable, either 
too hot and dry, or too cold. 

The .shell is somewhat glolmhir and is really a tapering tube 
curled on itself. It is widest at the mouth of the shell (i.c., 
entrance to the Uilie), and tlie spiral gradually narrows down 
almo.st to a point, There are from Tour-and-a-half to five 
whorls (complete turns) in the sliell, but the outer whorl makes 
up most of its bulk, An average size shell is about i inch wide 
and Tincli liigh. The colour varies ciinsidcrably but usually 
has a yellowish and purple ground with indications of black- 
i.sh pui-plc bands (from three to five) running with the spiral, 
In addition, there is a number of rather dark brown and 
greenish markings. 

The whorls of the shell arc rough with ridges running across 
them. Each ridge was once the edge of the shell, but as the 
shell wa.s enlarged by the snail during its growth, the new 
substance was not added cpiite level with the old, so that tlicse 
ridges resulted, The shell docs not increase at all during the 
winter and you may be able to make out one or two cross 
ridges which are altogether stronger than the others and mark 
the end of one year’s growth. 
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If you o 1 .)l:;iiu an cniply shell and 
cut away the Iroiit part with scissors 
(Fig, 4,1) youwill he able to sec the 
internal structure. Where the whorls 
touch in the centrOj ti land of pillar is 
formed. This is called the columella. 
When a snail is crawling along, 
several parts of its body are visible. 
Tlie piirt in contact with the ground 
is called tlic foot, and tlie sole of the 
l-n;. ,|i.-.iShrll of Giirtliiii l()Ot is ;i creamy wliit(!. Persuade a- 

Snail with part cul: awiiy to pi,.(ni of glass and 

gay a., lalmaJ aim,:- 

it crawls. You will sec alternating 
dark and light Itaiicls sttirt Irom the hind (uid and move steadily 
forwiird to disajtpear at tin; front end. Tliest; are tint it'sidt ol 
llie smiirs mctliod of gliding. Tlu; slime which a snail gives otit 
nitilvt'S tht^surfuet; (if the grotiinl .siiitahli! for its gliding move- 
luejits, SO we may stiy tliiit tlie snail lays down its own track 
as it goes along, 

While looking at the underside of a snail as it crawls upon 
,'i piece of glass, you will 1)e a1jle to see near the front end, the 
iuoiitli bordered by two flesliy flaps. Tlu: mouth is not open all 
the time, !)ut now and tlien it does ojien and will enable you 
to see the brown top j'aw. Tliis is a horny liar with a minibcr^ 
of ridges on it. The liar is supported by a trlnugiilarjiicce of 
material 41^'). Yon can easily remove the top jaw from 
a siuill with a needle atid razor scalpel (p. li) if you first kill 
the snail liy drowning it:. I'o do this, leave the snail in a tin 
of warm water overnight. It: will slowly and painlessly die 
from lack of oxygen, and furtliermore will (tome out of its sliell 

to do HO, 

Al the froiil end ol'tlie animal are four tentacles, a pair of 
hmger ones arising from ilu* lop of the head and a much 
smalh'r pair situtiled lower down and somewhat furtlier in front 
(Fig. -Pi C‘ d). The tentacles arc sense orpis and respond at 
(]U(!e to being touched or to (Ik*, presence of irritating substances, 
such as tuhacf'o smoke. The tentacles can ))c withdrawn inside 
the snail's Ijody. This is made possible because the tentacles 
are hollow so llml, when lliev sire withdrawn, their tips are 
pulled down inside the walls in mueh the same way as the 




Fig, 42.—(a) shell of Garden Snail, Helix aspem; [h) Garden Snail, 
killed by drowning in warm water; (c) live specimen from the side; 
(d) the same from in front; (e) a tentacle drawn to show the eye at 
th(! tip; (/) the jaw. («), (6), (c), [d] somewhat reduced, (s) X2, 
(/)X 5 . 


finger of a glove can be pulled down from inside the glove. The 
quickest way to understand this is to watch a live snail either 
with the naked eye or through a hand lens. Each of the larger 
tentacles has a jet black eye at its tip when the tentacle is fully 
expanded, but at the first sign of danger the eye is drawn 
down inside the centre of the tentacle. You can easily observe 
this. 

The upper parts of the body are covered with smoky grey 
coloured skin which is itself covered with rather coarse wart- 
likc projections, a little lighter in colour than the rest of the 
skill, More or less closing the entrance to the shell is a greenish 
yellow flap of tissue called the mantle. On the right hand side 
this has a circular hole through which air enters into the breath¬ 
ing chamber situated in the first whorl of the shell. To get a 
clearer view of the mantle, breathing hole, and breathing 
chamber, it is best to kill a snail by drowning it as described 
above. ^ _ , 

Garden snails are most active at night. During the day tlviy 
hide uncicr large stones, in the corners of walls, or in holes in 
the ground. They do sometimes come out in the early evening 
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after rainstorms. Many gardtiii snails return to the same spot 
to hide day alter day. 'I’liis homing Ixdiayionr is sliown by 
other inolluses and has Ix'en (■sp{‘eially .studied in tlic limpets 
which yoti may lintl clinging to n icks along the smishore. Limpets 
return to the ideiitimd spot afier each journey in search 0 food, 
and their shells g’row in such a, manner that they fit exactly into 
the irregularities of the roe.ks. It is probably important ty 
Ihmiet that it should lit flush on to a rock in this manner, be¬ 
cause tlnm it will be better able to resist the force of tbc waves 
tending to dislodge it. As no two places on a rock’s surface are 
ulikig the value (»f the limpet’s reiuniing always to the same 

.sijol is clear. , ^ t • .1 

'i’he (lardeii Snail lays .several batches of eggs during tlic 
Slimmer moulhs. hkicli egg is a transparent ball about i inch 
in diameler. Thm'e are bcTweeii 40 and 100 m a batch and 
they are laid uiidtT loose soil in holes dug by the snails, fhey 
haUdi in about go days. 11'yon are lucky miough to find some 
snail's eggs wiieii you are digging the garden, you can easily 
hateli them liy imtting ilimii in a liox with some .soil and laying 
a piece of turf on top, or by putting .some of the eggs into ajam- 
iKil widi some moist-* not wet- -soil 
During the irfnter the Darden Snail hibernates. It finds 
some sheltered .spot, e.g., a wall covered with ivy or .some other 
crec'per, the corner of a .siusl, tir a hole in a rockery, and then 
retreats into its shell to pass into a torpid state. Inc mouth 
ol’the shell is e.losed by a tough membrane or sheet made by 
the foot and called the epiphraiim. ^ 

During trry dry wctither in .summer, tlio snail may have a 
similar period of quiet during which it withdraws into its shell 
aiul forms an epiphragm, tluuigh the summer cpiphragms arc 
never so thick us the winter ones. If you place a few snails iH ; 
a dry jam-pot or box and cover them, they are almost certain 
to make these summer cpiphragms within a lew days. 

WiitirSmiis , ■ 

There arc many other land snails, but these domot difFer 
Ereally from the. common snail except in die .shape of me shell. 
However, a consiclertiblc number of snails inhabit fresh water 
and these do show certain diflcrcnccs from the typical land 
snails. A mirnbcr of them carry a more or less oval plate ot 
horny material on die hind end of die foot. Tlus plate is called 
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Fig. 43. —An operculato snail, Bithynia ientaculata. (a) 
aniuial withdrawn insido the shell, which is closed by the 
operculum, X2i: (i) an active specimen, drawn from 
above, xz, 


the Operculum and it is used to close the mouth of the shell when 
the snail has withdrawn inside (Fig. 43). The snails provided 
with an operculum belong to the group we call the Opergulate 
Snails. By means of special gills tliey breathe the oxygen 
dissolved in the water, and so do not have to come to the surface 
to breathe. In still water, such as ponds and canals, there 
tends to be not much oxygen, hence these snails are usually 

found in running water. 

Other freshwater snails have neither operculum nor gills 


and come to the surface to obtain 
oxygen from the air, although 
they are able to breathe through 
their skin some of the oxygen 
dissolved in the water. Members 
of this group are most often found 
in still water, and some are very 
abundant. ^ 

• One of the commonest is the 
Common Pond Snail, Linnm 
stagnalis (lim-nce-a stag-nay-lis), 
a picture of which is given^ in 
Fig. 44. There arc several points 
of difference between it and the 
Common Snail (/Ma; aspersa). 
The shell is much thinner-indeed, 
all freshwater snails have thin 
shclls-and is drawn outpnto^ a 
pronounced spire, which is quite 
sharply pointed. When the animal 



Fig, 44.—Common Pond Snail 
{Lmnm stagnalis) drawn while 
it was breathing at , the sur¬ 
face, The snail adhered to the 
side of the aquarium .while it 
applied its breathing , aperture 
to the surface of the water.. 
Note the .single pair of flat, 
triangular tentacles, X I. 
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Fig. 45. .. Sluill of 

WantUii'ing Snail, Lim- 
j mmpeni’m', X2. 


is out of its slicllj you will observe 
that it has only two t(;ntad(;s. Thc.se 
are ratlicr flat and triangular in shape 
and cannot ])c withdrawn as can the 
tentfickis of land snails. Furthermore, 
tliey luive no (iyc.s at their tips. In 
all water snails, the. eyes are situated 
at the liases of the tentacles. 

I'he Coninion Pond Snail is a nmst 


.suitable iiniinal to kec;|:) in an tiquariuin. It will crawl aliout 
the walls and across the. surfacti film of the water. The walls 


of aquaria usually develo]) a growth of tiny waiter jilunts, al^ts 
(al-je), and you will Ik; aide to see tlie snail rusjiing this ofl' 
witii its tongue. You should watch llie action of the tongue 
through a hand h.iiis. 

At int«;rvtds, a Pond Bnail will give olf a cylindrical coil of 
waste matter (the dntppiiigs uv Jam) wliich is about as thick 




I'jtf. Fam'.s Horn Snail, fwding; \h) aiwl 

(t) two vjewH of Uiu Mluill, All natural size. 
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as the lead in a pencil If you have many snails in an aquarium, 
tlie sand on the floor will soon become covered with these 
droppings. 

Perhaps the commonest snail of all in still water is the 
Wandering Snail, Limnm peugrer (lim-nee-a per-re-grer). 
This is not as large as the Pond Snail, and the last whorl of 
the shell is much more swollen in comparison with the others. 
A drawing is given in Fig. 45, but the shape of the shell is 
rather variable. 

There is a genus of snails called the Trumpet Snails, genus 
Planorbis (plau-nawrb-is), in which the coils of the shell are not 
drawn out into a spiral but instead make a flat spiral like a 
coiled watch spring (Fig. 4.6). Members of this genus are quite 
common. 

Water snails frequently lay their eggs on the walls of aquaria. 
The eggs are embedded in a mass of stiff transparent jelly, and, 
if left, will soon hatch into tiny snails. In most species of snail 
tlicrc are not separate males and females. Each snail makes 
both eggs and sperms, but the eggs of any one particular snail 
are fertilised by sperms from another snail. 

Sings 

Slugs are a group of molluscs in which the shell has either 
disappeared altogether or become very small and invisible 
from the outside of the animal. There are four genera of 
British slugs with several common species, but I will describe 
in detail only the Common Black Slug, Arion afer (ar-ri-on 
at-ter). The name Black Slug is not really suitable because 
there arc very many colour varieties of this slug, particularly 
forms that are mainly chocolate or yellowish brown. However, 
it is fairly easy to recognise Arion ater from its shape, and the 
black variety is the most common. 

When it is fully grown, the slug may reach a length of 
8 inches, but specimens about 4 inches are more common. 
When it is moving, it has the form shown in Fig. 47 a-h. 

The body i.s long and rather fat, and where it meets the foot 
it is expanded into a foot fringe marked by transverse dark 
lines. There are four tentacles at the front of the head, a longer 
pair on top and a shorter pair beneath them. The top pair 
have eyes at their tips. The top region of the head, in between 
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tlu: buses of tlie larger piiir of tentaelcs, is marked with four 
distiiiet iiirrows (Fig. 47^/). Just behind the head, the mantle 
lies over the liocly in the form of an oval shield. Its .surface is 
lU'ominently marked witli little pimple.s. On its right side and 
towards the front, tlie edge of the mantle is deeply notched. 
'Fhe hole which this notch surrounds leads into the breathing 
chamlmr. 'Flu; edges of tlie mantle are free from the body 
at the front and can be lifted with a needle or matchstick. 
At tlie hind end, the mantle edges arc attached to the 
body. 

The .skin over tlu; rest of tlic liody, apart from the mantle, 
i.s covered with ratlier eoarsi; wrinkl(;s arranged in about three 
dozen rows. 'Flie ridges are broken by much liner cross 
llirrowfi. 




Fm. <17,—the Common niack Slug, Amnater, {«) aiul (t^two 
views from tlm right sidi;; (f) shows the characteristic attitude 
adopted by tlii.s .snail wlicn it is irritated: [d] view from the 
front to show ilic four [urrow.s on the forclicud; («) enlarged 
view of the tip of the tail seen from above, to sliow the .slimo 
gland. All, except (k), somowiiat reduced. 
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Just above the tip of the tail is a prominent V-shaped slit. 
This is the opening of the slime gland and sometimes, in a live 
slug, you will see a mass of stiff jelly-like slime given off from 
here. It is said that, before two of these slugs mate, one comes 
up behind the other and begins to eat the slime given off from 
the tail gland. Soon the first slug finds the slime trail from the 
second and begins to eat that, so, for a short while, each slug 
is eating the slime from the other one, After that, pairing takes 
place, so we must regard this curious behaviour as a kind of 
courtship. I have not seen it myself but I have seen one of 
these slugs eat the slime from its own gland. 



Fig, 48,—The Keeled Slug, Mikx sowerbyi. _ (a) with 
head withdrawn under the mantle; (b) active speci¬ 
men; (c) rear view, showing the keel. All Xi. 


When the Black Slug is touched it hunches up its body in a 
very characteristic way (Fig. 47c), and sways slowly from side 
to .side, though to make a slug do this you may have to prod 
it repeatedly. No other species of British slug has this 
habit. The Black Slug passes the winter in a hole in the 
ground. ' 

In their general features other British slugs are much the 
same as the Black Slug. Some have a sharp ridge or keel run¬ 
ning down the back (Fig. 48)} while in others the slime gland 
over the tail is absent. The Black Slug itself has no shell, but 
some other .slugs do have shells. When present, the shell is 
concealed inside the mantle, but may easily be dissected from 
a dead animal. These shells are discs of limy material more 
or le,ss oval in shape. In some genera of slugs the breathing 
opening is placed near die hind end of the mantle instead 01 
near the front end. . , , 

The following key should enable you to find the genus to 
which any particular slug you may obtain belongs 
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Ki'iY a’o g:en1':ra of British slugs 

(A mnCTi8 glatul profiani. ovor tlic tail; tlio broathing 
j hole |:)la(!0cl in tho front half of Bio nmutlo Arm 

^ j No iiviidUH gland proaont oviu' tlio tail; the Inxiatli- 
1 ing liolo plucod in llu) hind half of tho irumtle 3 


'Tlio hack pofiHOHaing a aharp ridge or kool along ita 
ontiro Iwigth; tlio inimtlo (iovorod with lino kkeu® .smtgs 
,, ^ grtinnlof) (Milax) 

" 'Tho hark not Hharply koolod - - at inont only a hlnnt 
ridge at tlio hind ond; tlio niantlo markod with 
■ oonctoutrio ringM of wrinkloa 3 

I Tho body with at loiiHt traooH of darlc bmidH (1 or 

inoro) riiiining down tho nidus* Umax 

Body with no tmeo of dark hands rnmiing aking 
tlio sidoH *1 

I Shiold spotted with yollow-.body slimo yollow yktmw hmw 

{Limax Jlavm) 

n Hhiold not ni'ioltod with yollow; uliiiio not yollow 
I .cntiior wliito or oloar xianolimax 


♦ Oociifiiwml (uiult ijiKjoioioiii) niuy lio mot with tliut havo lout all tiw™ of 
tilth'dark tiiindi. 

Mtmels 

Slugs and snails haw. a slinll wliich is all in one picee.^ 
Ikeause of this they are ealli'd tinkudves, I'lu: mernhors of 
aiiotlier group of inolhiscs litivc their shells made of two pieces 
wliiali ui’e hinged together like the two Haps of a cigarette case. 
Tliese mollnscs are called hkadvi’s, and they include oysters, 
rmissels, cockles, e.lums, razorshclls, and many otlu'r forms. 
All hl-valw rnnllnscs live in watt-r, nsiially in tlie sea, bnt 



IdG. 40. •'Frcsil Water Musiid; Uvts spodinon lying on .sand {y.\). 
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there are some British freshwater forms. The largest is the 
Swan Mussel which is commonly present in lakes, canals, 
ponds, and slow streams. 

^ An external view of the animal is given in Fig. 49. There is 
little to be seen except the large valves (or pieces) of the shell. 
The umbones (singular umho) are two prominent swellings, one 
on each valve of the shell near to the hinged edge. The 
umbones represent the youngest parts of the shell to which 
more material has been added as the animal has grown in size, 
and lines of growth are as clearly visible as they were in the 
shell of the snail. The two valves of the shell are hinged 
together along the flat edges near the umbones and are held 
together by strong muscles attached to the inside surfaces. 

If you study a live Swan Mussel in an aquarium or a bowl 
of water, you will see a fleshy yellow projection pushing out 
from between the two valves of the shell. This is the foot of 
the animal and it corresponds to the foot of the snail. By 
making muscular movements, it can move slowly through 
mud on the bottom of a pond, carrying the shell with it. It 
leaves a distinct furrow and in canals or ponds where the water 
is clear these furrows are very obvious, extending often for 
iB inches with the Mussel at one end, more or less buried in 
the mud. 

In the live animal, when it is undisturbed in water, you can 
see two slit-like holes at the end of the shell opposite to the 
foot. There is a small oval one at the top surrounded by a 
fleshy lip, and below this another, more slit like, also surrounded 
by a fleshy lip which here, however, is drawn out into a fringe 
of flnger-like tentacles. These slits are called the siphons. 
Through the larger one a current of water is passing into the 
animal, while through the smaller a water current is passing 
out. The water currents will be made visible if you add a 
small amount of mud to the water. The smaller hole is called the 
exhalent siphon because it gives out water, and the other is 
called the inhalent siphon. 

To see more of the structure of the Swan Mussel, you will 
have to remove one of the valves of the shell. As soon as you 
pick up a live Mussel, the foot and the lips of the siphon will 
be withdrawn into the shell and the two valves pulled tightly 
together. As the edges of the shell are soft, they make a good 
fit. If the Mussel is kept cool, it can live out of water in this 





i'A'n'KUNii OF J-IFi: 


iur u <lay nr iiinm, liccuiisn it rnlaiir; inskb its shell 
HullisU'lit in ('UuMf it (n Let]) .ih\e. 

Mtliinudi thr lw» pulls mm-iu mi lis-jilly FlnKcd InKi-lher, it is 
jjot (liilli'i'ilt tu ivttinw hairnl'llie sli. 11. Tliv. imrules iK.iaiug 
thr v.ilvc.'i tngctlu r euii withstuiifl ipiite a cnnsiilcrable furee 
iiir lirief |Mi’in(is, 1ml tlu-y seem incuiiulile of withstanding a 
iTiueh smaller Urr. ajiplie'd for a Inniter time. 1‘iish a rnler in 
iH-tween the valves and turn! it slowly so as to prise the .shell 
purtlv open. I In this i.reailily and wiihnut haste and ynii will 
liud the shell gradually yiehl.' When if has opened a little way, 
wedge it with a pencil and remove ihe nilm*. 

N,!w vnii .should he able to ;ar a lie-by sheil of tissue (the 
mautlel'lining the shell. Woik the blade- of a sharp jK-nbife 
between this and the .hell and I'e. 1 ibr the museh: that is 
hi.lding Ihe shell, book at Kie:. :,n io ' tr where the umseb; 
are. When yon can hel the immles at ime end, cut thrniif,, 
them, 'rhen do the same il-r the mu'ih s at the other eiv. 
The shell will le.w tmn lauk ipiile < asily and the lindy of the 
Hwan .Mus!tel will lie vialile. 


rhmiij ^" 7 / \ 


Idl Mddir tilr 
f/ad Miiyti: A'k,d:: 

foriio-ii/Ki 

To the Mouth -L>f . 



A/hirlumil for 
"hiitff Mu'o'Jc 

Shell 

. flilhlC 








Fio. SQ.-FrMli Water Muje-iel. with Use miea l<-i to the left valve cut, and the 
valve so aa to dlspUy the asiiaat (x |). 



A. Nusli ni' a Mewri 0 
uliiive. Tint .sinoiiUi 


a' Uf'i!, tiiliiin ill Ant'iiHli luiil iiIikC 
ii|W III; tliii inp I'oniiiiu wni'ki'i' tin 
ii' 0^111 itoiiliiiii i|iii!iiii liii'vii'. Nim'I. 
{Sniiivii'lml I'.iilni'tii'd.) 



wogiiiii \Vtis|). Imilli 
ill a ),'i)owiboi'i'y 
Imsli. A ]i(U'lo)ri-li(! 
wall (it liliiouwli lias 
lii'Cii oil- away l-o 
ilisi'lu.sit tliii |ilat-w 

Ilf luaiil) .suHiii'iid- 
('ll Inmi tlio I'nnl'. 
(Rdiwal.) 
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The mantle flap which you have separated from the shell 
will be oil top, and sticking through it will be the white stumps 
of the muscles. Underneath the mantle is the yellow foot and 
the very prominent gills filling up most of the shell There are 
two pairs of gills, and each gill is made up of very many fine 
threads wliich are joined to one another in numerous places 
to make a close-meshed sieve. The mouth is not easy to see. 
It lies at the top of the foot in the position shown in Fig. 50 
and it has two fleshy flaps called palps on each side of it. At 
the other end of the body, opposite to the exhalent siphon, is 
the anus tlirough which waste material is passed to be removed 
in the stream of water going out through the exhalent siphon. 
The heart is also visible, through a patch of transparent skin 

50)- . . . . 

The Mussel feeds on tiny living things brought by the 
water current entering through the inhalent siphon. These 
small particles are filtered off by the gills, entangled in slime, 
and passed along to the mouth. This is possible because the 
gills and some other parts are covered with tiny hairs called 
cilia which keep up a constant lashing movement that is 
particularly strong in one direction, so that particles on them 
are slowly carried along. If you , have ever been in a crowd 
where someone has fainted and has been passed back over the 
heads of the people to the outside by many helping hands you 
will have a reasonable picture of what goes on. The little hairs 
corrc.spond to the hands of the people in the crowd, held above 
their heads, to help pass the unconscious person along. In this 
way, the food, entangled in .slime, gets passed along to the 
mouth. 

A Swan Mussel is either a male or a female. In the females 
the young larvse are kept in the outer pairs of gills, which 
become much swollen. About February the larvse are passed from 
here into the water, but they cannot grow at once into adult 
Swan Mussels. They have to spend a period of some months 
attached to die skin of a fish, in order to develop properly. If 
they cannot get on to a fish’s sldn they die, and very many must 
perish for this reason. However, each year a female Mussel 
will lay about half a million eggs and, in order to maintain 
the number of Mussels in a given stretch of water, it is necessary 
for only one of these to reach maturity to replace each adult 
male or female that dies. 

: D 
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The reason why the shells of dead bivalves gape open is that 
the hinge is rather elastic, so that once the pull of the muscles 
no longer operates to close the valves, they spring open. 

Very similar to the Swan 

.^ _another g(mus Unto 

.(yu-nc-o). They are about the 

same size, but may be distin- 
guished from Anodonta by the 
Rg. fll.-Fresli Water Mvssol, Wo.: sunken area 

l)ctween the umbones and the blunt end of the shell (Fig. 51). 
Unio occurs in the same places as Anodonta. 

Very much smaller than Anodonta and Unio are the Orb 
Shells, genus Sphmkm (sfecr-e-um). These bivalves arc only 
about I inch Icmg when fully grown. The shell is whitish and 
the valves bulge Outwards much more than in Anodonta and 
Unio, Each umbo i,s practically in the middle of the hinge 
surhice. Fig. 52 gives its usual appearance. There are four 
species, but’ all arc very similar. 

Even smaller than the Orb Shells arc the Pea Shells, genuH 
Pisidium (pi-sid-e-um). They arc only about I inch long. 
Though very like small Orb Shells, the live animals can easily 
be distinguished, for whereas Orb Shells have two .siphons, 
Pea Shells have but one. There are a number of species, Init 
all are very similar, and some occur in practically every stretch 
of permanent water. zffW 

If you scoop mud ... 

from the bottom and 
examine it, jou are 

almost certain to find \ 

Shelh ^^^^Take^tta An Orb Shell. Sphanim, X 2 , 

briclis,^ laKC incrn ^ pistditm, X2. Lwe 

home in a tin with specimens lying on sand, 

a little mud or water 

weed and put them in a di.sh with pond water. When 
they become active, examine them to find out how many 
siphons they have, If an animal has only one, it will 
be a Pea Shellj if two it is an Orb Shell Usually the Orb 
Shells will be more than I inch long, ^ and m addition 
the umbones in Orb Shells are in the middle of the lunge 


edge, whereas in Pea Shells they are not quite in the 
middle. 


KEY TO THE GENERA OF FRESHWATER BIVALVES 

( Shell usually large; umbones placed near the end 

of the hinge edge 2 

Shell less than J inch; umbones placed near the 
middle of the hinge edge 3 

2 /Depression in front of the umhone Unio 

I No depression in front of the umhone Anodonta 

( One siphon; shell not more than J inch; umbones 

not quite central m shells'(P wdwm) 

Two siphons; shell up to i inch; umbones central obb shells 

{SpJmium) 

Collecting Shells 

It is very interesting, especially if you go to different places 
for holidays, to make a collection of shells. If you obtain live 
animals, they may be killed by dropping them into boiling 
water. The flesh can then be extracted from the shells by 
means of a pair of forceps, or with a pin. 

Very tiny shells are best kept either in little glass tubes with 
corks (aspirin tubes plugged with cotton wool will serve very 
well), or on cotton wool in match-boxes. Each inatch-box can 
be divided into four compartments for the smallest shells by 
slips of cardboard. Every shell should have a label attached 
stating its place of origin, and its name as near as you can tell. 

The shells of slugs, which you will have to dissect from the 
drowned animals (see p. 75), are best kept mounted on black 
paper, such as is supplied around photographic pajDer. They 
can be conveniently glued on with the same gum as is used for 
insects (see p. 152). 

It is instructive just to make a collection of as many shells 
as you can, but still better to make collections from various 
habitats (a habitat is a place where animals and plants can 
live). The type of shells you get from chalk country are 
different from, and much more numerous, than the/hells you 
get from land not overlying chalk. Natural chalk is calcium 
carbonate, and is not at all the same as blackboard chalk which 
is an entirely different substance. 
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In certain ty])es of wood, e.g., pine, you will Hud very few 
snails, possibly because of tlic lack of calcium carbonate which 
tlu; snails require to make their shells. I once found live tiny 
snails in a pine wood at Pcaslakc in Surrey, and all were on^ 
the broken slieh of a thrush’s egg. The egg-shell is made of 
calcium carlionate and the; snails seemed to be gnawing it. 

I suggest you try to make separate collections from 

(1) Tlic seashore 

(2) Chalk country 

(3) Non-chalk country, including woods 

(4) Water. 

If you arc not lik(dy to visit chalk country, try to get in touch 
with another naturalist who lives thercj and exchange speci¬ 
mens. I have no doubt that if you wrote to tl^t^ biology master 
of one of tlui scliooLs in a chalk area, he would put you in 
contact with a local naturalist, or one of his pupils, who would 
be glad to exchange specimcius. 


CHAPTER NINE 


Earthworms and Leeches 


Earthworms 

E arthworms may be obtained by digging in moist soil, 
or, better, by searching for them with the aid of a light on 
warm damp nights. At these times they leave their burrows 
and crawl about on the surface of the soil, or remain with only 
the tail in the burrow, the rest of the body lying stretched 
over the ground. If you move stealthily, you, should see a good 
number of worms, on a suitable night, lying thus on a lawn 
or patch of moist soil. 

As soon as a worm lying in this way is touched, it will with¬ 
draw rapidly into its burrow, so that you will have to pounce 
on it quickly and firmly. When you have grasped the worm, 
do not be in too great a hurry to pull it from its burrow or it 
will break. Apply a steady pull and gradually it will yield. 
You will probably be surprised to find how strong an Earth¬ 
worm is. 


When you have obtained two or three worms, find another 
that is lying quietly and then stamp on the earth about three 
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feet away. The worm will disappear at once, showing that it \ 
is sensitive to vibrations of the earth. On the other hand, these 
worms do not usually respond at once to the light from a torch. 
However, if the light is brought close, or concentrated on the 
front end of the worm by means of a lens, the worm will react 
by withdrawing into its burrow, either entirely, or leaving just 
its anterior end protruding. The stamping experiment should 
tell you that you must tread very gently while you are investi¬ 
gating the reactions of worms to light. 

The general appearance of an Earthworm must be familial' 
to everyone, but there are some details of structure you may 
not have noticed. 

There are many different worms, but the two largest are the 
Earthworm, Ltimbricus Umsiris (lum-bre-kus tcr-res-tris), and 
the Long Worm, AUolokphora longa (aHo-lobe-o-for-a lon-ga). 

The Earthworm will be described first, and hen the way in 
which the Long Worm differs from it. _ 

The Earthworm is large, from 4 inches to 10 inches in 
length. Its body is long and slender. At the front end it 
is a dark reddish chestnut in colour. The tail end is paler, | 
acept at the extreme tip where there is usually a little red j 

colour. The under surface of the worm is paler than the top 1 

surface. i 

The body is divided into about 150 segments by g . .>ves run- ^ 
ning right round it. At the front end the segments arc^ more 
or less cylindrical but, from near the middle to the tail, the 
segments are flattened from tlie dorsal to the ventral surface. 

At the front tip of the worm is the mouth, and at the extreme > 

hind end of the body is the anus, The mouth is underneath a j 

little lobe, called the prostomium, which fits into the first 1 

segment as shown in Fig. 53(11), so that it forms a kind of porch 
over the mouth. ^ 

On each side of segment 15 (counting from the front end) | 

is a pair of yellowish Updike s /ellings surrounding a small hole. i 

These holes are the openings through which the male repro¬ 
ductive cells are passed during mating (see p. 93). The female 
reproductive cells axe passed out through two smaller holes, 
one on each side of segment 14. Further back, on segments 
32"37 is a prominent fleshy swelling called the saddle. On the 
top surface of the saddle there is often no sign of tlie segments, 
but, on the ventral surface, the segments can always be seen. 
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On each side of the saddle, about three-quarters of the way 
down, is a groove running along from segment 33 to segment 36 
(Fig. 53 J). The saddle makes the cocoon which will enclose the 
eggs when they are laid, but we shall come to this later (p. 93). 
Young worms do not have a saddle. 

If you hold a live Earthworm in your fingers, you will 
be able to see two double rows of tiny glistening spines on 
each side. These are called sek (see-tee) and the worm can 
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J- ■ 54 —Diagram to show the manner in which u.e setse assist the 
locomotion of the worm, (i) the sets of the hind part of the bod} ire 
protruded to grip the soil, while all other setse are withdrawn; (2) the 
front region of the worm elongates; (3) the front setae, are now pro¬ 
truded, while the hind setae are withdrawn; (4) the hind end of the 
body is drawn forwards, and so the whole of the worm has moved 

upwards in its burrow. 

draw them in or push them out from its skin, as it wishes, 
If a worm desires to move forward in its burrow, it pushes out 
the setK at the tail end until they grip the walls of the burrow. 
When it is firmly anchored, the worm stretches out its front 
end, having first withdrawn the set® in that region, so that 
they do not interfere with the forward movement. When the 
worm is fully stretched, it pushes out the setse at the front 
end so that they grip the walls of the burrow and then with¬ 
draws the setaf at the hind end. Now it can draw its tail 
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distance 

(I'iii*. 54). '-I'liiH Hoiiwl!; a liule ttoinplitiuictl, hut, if you watch 
a wfiriii ci'awliufj uvt-r a, pu-cc oi’inuf^h jiaja-r (lat?., newspaper), 
you will see liow it is done, and you will liiid out ihat, allhougii 
tlu; worm uoniially moves with its head goinij li^rward, it can 
move; Ijackwunlfi (itpially well. 

If you look at the top siii faee of the liarlhwt»n)i, you should 
he able to see a tliiu red hloftd vessel running along tlie length 
(if the worm in the uiid-lliie ami lying just below the skin. It 
is radier inei'ular in outline and in a live worm you should 
he ahl<- to f.e<’ the hliMid hi iiig pushed ilirward uloug it. 'iliere 
is a 'umilar hlontl viso l lielovv the skin in the mid-rme of the 
veiitr.d surf.ice, hut thi'' is i-lhui iHft so easy to sta- and ismf a 
nuher liluKh (olonr. _ _ 

The skin of (he Ikuihwnrm is moe,| and slmiy. It the skin 
becomis diy die wnrm dies, Itec.m'r if Inealhes through its 
skin hut i.;ut dit Ml only as Imig as the skin is moisi. One worm 
in a tin will .0"*ii die heemise Its kin dries up, hut a immher 
of worms ill a tin logeiia 1 mil iliem- t Iw ’• into a tight ball and 
will live a long finn’ bei.ait'T i-ai Ii worm then dries more slmvly, 
Worms I US!' a'- Irhiug bait I'ltm i"il into a firm Icdl when the 
moss in whii li I k( I \> them heemues dry. 

KarthwottiH live nm't of thiir lius hdow the soil, 'Iky 
make hitrrow-. in the 1 aith hy pn ‘. ing in between llie parlieles 
where, the -.oil i, iou-.e, 01, where it is iinimr, by eating the soil 
as they go along. At lu'i '-iuht, you might think they could 
eat the soil with' liuir nmuths .uid Niiiiply pass it out behind 
thrnngh the .mu-'., hut ihi'S is not so, Vott may have notkal 
that when a Imle e: ting in the g,»rdi-n he rmnl and then 
filled in ag.iiit thne !■; alw.iys some muI 1 * „ .a '• iaa, there is 
more thmms n fpiio d in iiii the hole to ilu .niginal level. The 
reasi is ihtu liie jiarthks in nndisturheil soil are packed 
together very tightly wh.tt is railed ndum.u. i*A«K.iNn- 
and take up the least po'^'.ihle .nuoutt! i(lsp;iee, When soil isdng 
\]p the normal pa< king ii ilistuihed and the soil particles lake 
up more riiom than before. It takes sui.h soil a iotig whilelo 
.SfUle buck to normal packing, a pnuess nnnh hel|>i‘d by rain. 

A worm making a stew Imiiow disturbs the uormal pading 
of the soil in this w.iv. Hv many s}« eirs of worms, the .surplus 
soil is hrutigiit to the stti faee and voidtal through the anus to 
form the coiled worm casts so Iretpnmily to lx* mm m healthy 
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lawns, football pitches, tennis courts, and other pieces of turf. 
Lumkims temslris, however, docs not make casts, but disposes 
of the siirpks soil underground. Worm casts arc made of very 
fine .soil particles indeed, and arc soon waslicd flat by the tiction 
of rain. 

At night worms fiTcpiently pull dead leaves into their 
burrows, and bunches of .such leaves may often be seen jammed 
in the mouths of the burrows. The leaves are eaten by the 
worms, alter being softened by a juice given out through the 
worm’s mouth. Even still' leaves siicli as holly arc eaten. 

During very dry weather worms go deeper into the ground, 
often as'lir as 6 to 8 feet clown. The burrows help to drain 



Fifi. ^‘‘y.^-Ahow; woniiH dniwn 'luring muting on tlio 
.surfiici! of till! soil, X|. Bekw: Amcnon, xah 


file .soil as well as t<. miow air to enter it. Both these circum- 
.itances improve the '.oil ibr plants, and most farmers know that 
t:he presence of man) m.rthworms usually indicates a llu'tile field. 

Earthworms mate on tlie surlacc of the .soil, usually at night, 
but .sometimes oli dam mornings, especially in, the autumn, 
you may find two worms lying on the siirPme with their head 
ends .side by side but the tails pointing in op[iosite directions 
(Fig, 55). Closer observation will show you that the front 
portions of the two worms, extending beyond the saddles, arc 
bound together by slimy tubes in the regions of the saddles. 
While thus bound together, the worms exchange male repro¬ 
ductive c'lls, which later on fertilise the eggs. 

After the exchange of sperms, the worms separate. A few 
days later the saddle makes an elastic “cocoon” round itself, 
and eggs from the worm now pass into the space between the 
cocooil and the body of the worm. Next, the .segments imme¬ 
diately behind the cocoon .swell up and push the cocoon 
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forward. Thi.s process continues until the cocoon is pushed 
forward over the end of the worm, wlicn its two ends close up 
Prostomiu,, ^ ^ ubrOWIlisll 

\ C \ lemon-shaped body 

rutlicr less than I inch 
—4 fc A long. Before it is finally 

h A /■ - A piLshed off from the 

tr A ■ hf’fly of the worm, 

sperms have also been 
j I I passed into it. 

(b) Inside the ripe 

Fig, 56.—Dorsal view of (a) head of Earthworm, cocoou i.S a white fluid 
and {b) Long Worm, to show the natiire of thts p,,. 

prostomiiimB. (Enlarged,) COl iaming llic t.ggS 

and sperms, but these 
are too small to be seen without a micro,scope. The eggs arc 
fertili,sed by the sperms and begin to grow, feeding on the white 
liquid, but usually only one egg succeeds In develirping into a 
little worm. 


The Long Worm differs from tlie Earthworm in colour, in 
the position and length of the girdle, and In tlu; way tlie pro- 
stomium is fitted into the first sc;gment (j,dg. 5(1). These 
differences are given in the tabic below. 


DIFEEBENCES BETWEEN THE EARdllWOBM AND 
THE LONG WORM 



lOAivmwoitM 

LONG WORM 

Golour 

Dark brownish red or 
violet at tho front, 
palergreyish tail; clean 
and lT(!.sh looldng 

A dirty brown at tho 
front, grey uttlio hind 
end; rather muddy 
looldng 

Position of 
girdh 

On segmontfl .‘ 12 - 37 , six 
segments long 

Eiglit or nine segments 
long, from 27 or 28 
to 35 

Nature of 
pvstomium. 

The hind end of tlio 
prostomium roacliing 
to tho rear border of 
segment 1 (Fig. 56 a) 

Tho liind end of the 
pro.stomiura reaehing: 
only about half-way 
acro.sH aegmont 1 
(Fig. 566 ) 
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In most stretches of fresh water (canals, ponds, and streams) 
leeches are to be found. These animals are closely related to 
worms, but diilcr in that the body is usually much flattened 
from the dorsal to the ventral surface, and each leech has a 
sucker on its under surface near the tail end. There is another 
sucker surrounding the mouth which is at the front end, but 
this sucker is not always clearly visible. As with earthworms, 
the body is divided into segments, but, unlike those of earth¬ 
worms, each segment is further divided by grooves running 
round the body. 

Most Iceche.s can swim quite well by a wave-like motion of 
the body, but often they move over solid surfaces by means of 
their .suckers (Fig. 57). A leech moving in this 
latter maimer takes a firm hold on the solid , sv— 
surface with its hind sucker and stretches the \ 
body out in the direction it wishes to travel. % 

When it luis obtained a grip with the front % 

.sucker, the liind sucker releases its hold and 
the tail end of the body is brought up to the 
front end. In this way it proceeds by a .series 
of loops very mucli like a “looper” caterpillar ^ 

(.see p. 137). B 

Visible on top of the head are a number of ^ 

dark spots. Ilicse are the eyes, There are five ^ 

pairs in the FIor.se Leech (Fig. 57), one of the ^ 

commonest leeches, but the number of eyes ^ 

varies in the different .specic.s, Owing to the ® 

presence of pigment in the skin the eyes are not ® 

always clearly visible. They may often be ^ 

made more distinct by soaking the leech in 
weak caustic soda solution, _ Fig. 57.-TI1B Horse 

The skin i.s usually some shade of brownish Leecii, x i, 
green, but leeches have the power of changing 
colour to some extentto match the colour of their surroundings. 
Most leeches obtain their food by .sucking blood from other 
animals, such as snails, freshwater mussels, fishes, worms, and 
even water birds. A few leeches do not suck blood but 
devour their prey completely, 

Leeches vary in length from 2 or 3 inches to about finch. 
They may be found on the mud at the bottom of ponds or 


F1G.57.—Tliol-Iorse 
Leech, Xi, 
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attached to stones or other solid objects on the bottom of slow 
streams. The smaller ones especially are often to be found 
attached to water plants. I have found the steins and imdcr- 
surfaces of water-lily leaves a hivourite place. These smaller 
leeches look like tiny masses of brownisli jelly clinging to the 
plants, but will begin to move if left undisturbed for a short 
time. 

Leeches, like earthworms, are “hermaphrodite”, that is, 
each leech is both male and female. Some lccchc.s (e.g., the 
Horse Leech) leave the water to lay tlieir eggs in damp earth, 
but, in some other species, the eggs arc carried about on the 
undersurfaces of the adults, while yet another group attach 
their eggs to stones and water plants. 

In former times, doctors lielicved that many illnesses were 
clue to the presence of too much blood, and it was very fashion¬ 
able to try to effect cures by “blood-letting”. One way of doing 
this was to allow hr \gry lc)e(;hes to feed on the patiimt. Special 
Medicinal Leeches were used. These Iceclies have .sharp teeth 
that can easily pierce human skin. When placed on a patient’s 
arm they would make a neat hole in tlie skin, suck blood until 
they were fully gorged, and then drop off. At one time Medi¬ 
cinal Leeches were common m England, Imt now they are 
absent from most parts, though they an; to lie found in lair 
numbers near Brockenhurst in the New Forest. 

The following species of leeches are common. Unfortunately 
most of them have no English names. 

(XIMMON SITmS 

( 1 ) With 5 pairs of oyeti: 

The Horse Leeoh, Ilmmopis sanguimga (he-mop*t!jfl san-gwe* 
sewj-a.) 

Colour varies from a darki.sli green to browi; five 
pair of eyes; about 3 eras, long when at re.st, but can 
extend to l;i or 4 times that length, 

( 2 ) 4 pairs of eyes: 

H&poMdh octomkta (hcr-po-dol-Ia oc-to-kowl-ay-ta.) 

Usually dark brown, but sometimoH a yellowi.sh or 
reddish brown with black markings; four pairs of 
eyes; length about 3--4 cms. at rest. 


( 3 ) With 2 or 3 pairs of eyes: 

(a) Ghm-siphonia complanata (gloss-o-si-fone-e-a kom-pla- 
nato-a.) 

Hark greenish brown in colour with Six rows of cream 
coloured sjtots (a.s a rule); usually three pairs of eyes, 
but the first pair may be very small or absent; length 
about 3 cms, when’moderately stretched out. 

(b) (MossO'Siphnia ktero-diUi (gloas-o ■ .si-fono-e-a hot-er-o- 
klite-a.) 

Clear amber yellow, with the back often thickly 
sprinkled with dark coloured spots; three pairs of 
eye,s, lint tlie front pair may not be black; length 
about If cms, 

(4) 1 pair of eyes: 

lldohddla dugnuUs (heo-lo-drUla stag-nay-lis.) 

The colour is a greenish gr(iy, somotimea with a 
pinki.sli ting(», with very fine black specks on the 
back. One jiair of rather large eyes placed near the 
mid-line; size, about 1 cm, long. 
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CHAPTER TEN 


Hydra 

F, during the summer months, you collect water weeds from 
ponds, canals, or lakes, and place them in jam-pots with 
water, after a day or so you are almost certain to find speci¬ 
mens of the curious animal called Hydra (hy-dra) clinging to the 
walls of the jar, especially on the sides nearest the light. 

Hydra is a rather small creature capable of changing its 
shape considerably. When touched or shaken, it sliortens its 
body until it is no more than a tiny pin-head of jelly-like sub¬ 
stance, but, if left undisturbed, the Hydra will gradually expand 
and will be seen to have a thread-like body with a ring of 
delicate tentacles at one end (Fig. 58(2). We call this the front 
end of the body. The other end is called the base and it is I 



Fig, 58.—(a) Hydm, x 20; (&) diagram.^ to show the method of 
looping in Hydn; [c] glass pipette for catching .small aquatic 


usually fixed to some solid support such as the leaf or stem of 
a water plant, or the walls of an aquarium. 

The body can become extremely long, often as much as 
2 inches, and then it is so thin that it is hard to see. Usually 
the body is between i: inch and I inch long, and about as thick 
as sewing cotton, with the tentacles a little thinner. But, as I 
have already said, the length, and so the thickness, change 
considerably. 

There are three lands of Hydra found in Britain, the Green, 
the White, and the Brown, though both the White and the 
Brown Flydras may sometimes be rather greyish, and then they 
are difficult to tell apart. The bright green of the Green Hydra 
is very distinct and this species cannot be mistaken for any of 
the others. The White Hydra is not as common as the otlier two. 

The number of tentacles varies from specimen to specimen, 
but seven is a common number. The tentacles are situated 
with their bases forming a ring around the mouth, but the 
mouth is not easy to see, even with a hand lens, although 
you may sometimes see the tentacles pushing food into it. 
There are no other openings on the body, which consists 
merely of a cylindrical wall enclosing the food cavity or 
“stomach”. Unused food particles have to be voided through 
the moutli. 

The tentacles of the Hydra are covered with many tiny 
“stings” which are capable of paralysing small water creatures 
such as Cyclops and Water Fleas (p. 193). The “stings” also act 
as small harpoons, so that the bodies of the tiny creatures that 
have been stung stick to the tentacles. 

If you put several Hydras in a small glass tube, it is quite easy 
to watch them feed by adding a number of small crustaceans 
(p, 192) that you may have collected with a water net or reared 
in a culture. You will see a Water Flea, for instance, swim 
into the net of outspread tentacles and, as soon as it touches 
one, stop quite still, as if it had been stunned. Sometimes 
the Hydra will push it into its mouth with its tentacles; on 
other occasions, possibly because the Hydra is not hungry, it 
will release the prey after a few seconds. Then the Water 
Flea will sink a little way in the water before it swims olf, 
apparently none the worse. Hydras can be transferred from one 
vessel to another by means of a glass pipette (Fig. 581:) or by 
a long glass tube. To use glass tubing for this purpose, put a 
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fing-cr over one end and push tlie otlicr end under water. Tlien, 
wlien yon remove your fniger, water will rush up tluj tube 
carrying with it any small olpeets. Wlietluu’ you use a jupette 
or a glass 1:ul.)e, you may first havt; to |)nsh tlie Hytlra from the 
sides of the jar, because sometimes tlicy stick on very tiglitly. 
They are enabled to do this because tlie Inise secretes ;i gummy 
substance. 

Ifylm can move aljout slowly, l:)y a kind of cre(:!])ing move- 
merit of the base end, over the surface to which it is fixed. At 
other times Hydra may move liy turning somersaults. The body 
is bent over in a loo[) until the tenlaeles arc in contact with 
tlic support, and then tlie base end is released so that:, in effect, 
tlie Hydra is now standing on its h(;ad. Now the base is bent 
over in the direction tlu; Hydra wislies to travel until it gets a 
new grip on tlie su)i]:)ort3 and then the tmitaeli’s release (heir 
hold so that tlie Hydra is now standing the usual way up but 
ill a new place (Fig. 58/;), I liavt; often seen Grwm Hydras do 
t:his u'p tlie w;dl of a jam-pot. 

If Hydras are given plenty of food they will soon begin to 
reproduce by “budding”. The iirst sign is one or more swellings 
on tlie sides of t:he Hydra's body, These grow rapidly and soon 
begin to dcveloi) tentacles, so that they now look like small 
Hydras. It is interesting t:o oliserve that the buds do not always 
have l:bc same number of tentacles as the iiarents: tiiere may 
be (ewer or there may be more. Soon tlie region liy which the 
bud is attached to tlie parent bceornes narrowed, and ulti¬ 
mately it lireaks tliroug'h coinplelely !:o set the hud free as a 
new Hydra. A well fed Hydra may have two or tliree Imds 011 
it at once. Tliis type of reproduction, wliich merely involves 
the parent splil tirig olF a pai't of itself, is cidled asexual to dis¬ 
tinguish it Ifom sexual n'producliom We saw (p. gfi) that a 
similar kind of asexual reproduction occurs among the duck¬ 
weeds, 

It is po.ssibic, with a sharp razor blade, to cut a Hydra into 
two or three piece.s and watch each piece grow into a new 
organism. If you do this, place tlie pieces in a small tube hill 
of aquarium or pond water in a window. The pieces should 
be quite visible and in a few days you shoiikl .sec that each 
piece has formed itself into a complete small Hydra. Tlie ability 
to grow new parts in this maimer is called the power of re¬ 
generation, and is possessed by many of the simpler plants and 
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animals. Human beings liavc this power only to a limited | 

extent. We can grow new skin over a wound, but cannot grow If 

a new liand, or eye, or even a new tooth in our permanent set. Ifi 

Ill autumn the natural food supply of Hydra becomes less u 

plentiful and the water gradually becomes colder, with the 
possibility that shallow ponds will be completely frozen. In ifi 

response to these changes, Hydras reproduce themselves in a | 

diflcrcnt way. Each Hydra produces eggs and sperms in 
separate little swellings that can be seen on the body wall. jp 

I'he ovaries are usually near to the base of a Hydra, while the | 

Mas (tes-tees: singular testis) arc near the head end. |l 

The sperms arc very tiny indeed, much too small to be seen 1 

with a liand lens, and very many arc produced in each testis. T 

Tlic::y arc rather like very slender tadpoles and can swim about ![ 

iiy wriggling their tails. They swim about actively until they \ 

find a Hydra with a ripe egg in its ovary (each ovary usually 
produces only one ripe egg) and tlien one sperm joins up with 
tlie I'gg, burrowing into if: and merging with it oomjiletciy to 
fertilise it. Sperms that do not succeed in finding an egg soon 
di(;. The fertilised egg now begins to develop until it is a little 
rounded liody, still very tiny, witli a protective covea’ing around 
it. In. tliis state it falls fi'om the ovary to the bottom of the 
pond, wliere it |)asses the winter. Next spring it continues 
dcvdojiing and grows into a young Hydra. The old Hydras 
usually die in t he autumn before tlie onset of winter, so these 
i’(!sl,ing bodies, made from fertilised eggs, are all that remain 
to carry the Hydra spi'des Irom one season to the neixt, 

T’he group to which Hydra belongs is called the CodmteraUs 
(see-len-ter-ates). Other mcralicrs of this group arc the jelly 
fishc.s you may sometimes see cast up on the sands at the 'Sea¬ 
side, and the sea anemones, which you can find in rock pools 
on the shore or stuck to rocks between high and low tide marks. 

If you are staying at the seaside, where there is a rocky shore, 
you sliould lie able to find sea anemones clinging to rocks, 
particularly rocks that arc covered witli the usual brown sea¬ 
weed. If you lift: tlie seaweed (notice how damp it is beneath) 
you will find the anemones, which appear as lumps of rather 
stiff jelly of a reddish or brownish colour, often with spots 
of brilliant blue. I'hc body wall will be tightly contracted 
and tlie tentacles Iiardly visible. If you pull a few anemone,s 
off the rocks and take them home wrapped in seaweed, 
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the anemones will gradually expand when you leave them 
undisturbed in shallow bowls of seawater. You will then sec 
that they have two or more rings of tentacles with the mouth 
in the centre. It is usually not difficult to persuade them to 
cat small pieces of raw meat placed on the tentacles. 

You will find that sca-wat('r stood in a dish rapidly goes foul, 
so yon must change it for a fresh supply every day if you wish 
to keep the anemones for any length of time. Fresh water 
obtained from the tap is of no use, because it kills sea animals 
very cpiickly: seawater must be used. 



CHAPTER ELEVEN 

The Insect Pattern 


Insect Structure 

TN every-day speech, many different kinds of creatures that 
•^are small and have a number of legs are referred to as insects. 
To the biologist, however, the word insect has a definite 
meaning; and it will be best, before we study the several 
difforent types of insects, to get a clear idea of what characters 
an animal must possess before it can properly be called an insect. 

All insects have a lairly rigid body wall made in part of a 
substance called cliitin (ky-tin) which acts as a skeleton and 
supports the organs of the insect. The body is divided into three 
main regions which usually arc quite distinct. These are the 
head, thorax, and abdomen (Fig. 59). The head is at the front 
end, the tlrorax comes next, and the abdomen forms the “tail” 
part. Each of these tlircc parts is itself divided into smaller 
sections called segments, but as a rule these smaller segments 
can be clearly seen only on the abdomen. 
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On the head there is present a pair of feelers, or, as they are ' 

more properly called, antenna: (singular: antenna) which arc ) 

made up of many segments. Their exact shape varies in * 

difierent insects. They may be simple threads, or branched, f 

or feathery, or be thickened at the end. Some beetles have a I 

club made of several plates at the free end (Fig. 76c). The 
antenme are sense organs and are used by the insects for 
smelling and feeling. In addition to the antennas, the head i 
carries jaws and eyes. 1 

Usually insects have a pair of large eyes, one on each side f 
of the head. These are peculiar in that each complete eye is | 
made up of very many tiny eyes all fitted closely together to 
form one structure, so that the surface of the eye looks rather 
like an old-fashioned window with many small panes all 
roughly the same shape and size. These little “window panes” 
are called facets, and can be seen fairly easily with a magnifying 
glass. Such eyes are called compound eyes. They occur in 
some crustaceans (p. 192) as well as in insects; but certain 
insects (e.g., ants) do not have them. They arc especially 
large in dragonllics (Fig. 97). 

Ill addition to compound eyes, most insects have simple eyes. 

These are very much smaller. Each simple eye consists of a 
single lens which directs light on to a sensitive area just beneath 
it. There are usually three simple eyes arranged on top of the 
head of the adult insect to form the three corners of a triangle, 
as shown in Fig. 59. Simple eyes are not present in all insects. 

The jaws, or mouth parts, arc a series of structures surround¬ 
ing the mouth opening, and they assist in feeding. Their forms 
vary very much, according to whether they are used for suck¬ 
ing (e.g., in flies and moths), piercing (e.g., in mosquitoes and 
greenflies), or biting (e.g., in wasps and many beetles). We 
shall meet the various types later, when we study particular 
insects. 

The head is connected to the thorax by a neck, more or less 
distinct. The thorax is always composed of three parts or seg¬ 
ments, but these cannot always be distinctly seen, as they are 
firmly united to one another. Each segment of the thorax 
bears a pair of legs, so that there are six legs in all, and this 
fact is a great help in deciding whether or not a specimen is 
an insect. The legs are jointed, and the various joints are so 
arranged as to give the legs great freedom of movement. There 


105 

arc usually nine segments in each leg. The names of these are 
shown in Fig. 59. The last few segments make up the foot or 
tarsus and usually the end segment of the tarsus bears one or 
more claws. 

As a rule, each of the two hinder segments of the thorax bears 
a pair of wings, but in some insects one pair of these does 
not look much like wings (p. 153). The wings are thin sheets 
of “skin” strcngtlicncd with stiff ribs called veins, and the 
arrangement of the veins is often a great help in naming an 
insect. Each group of insects has its own particular pattern 
of veins. 

ITiis type of wing is found in no other group of animals and 
provides an excellent means of recognising an insect. In a few 
kinds of insects, the wings are missing altogether (e.g., in fleas, 
worker ants, and some greenflies), but these can be identified 
as insects because they liave six legs and one pair of antennae. 

Tlie abdomen of insects consists of several segments, which 
usually can move slightly on one anotlier. This is made possible 
because the skin where the joints occur is thin and pliable, not 
hard and rigid as it is elsewhere. 

Tlic breathing sys1:cm must be mentioned briefly. Air is 
taken to all parts of an insect’s body by a complicated sy.stcm 
of air tubes called traclmn (tray-ke-ce) which open on to the 
surface of the insect at special places. The openings are called 
spiracles and can sometimes be seen easily. The number and 
arrangement of the trachea! and spiracles vary in the different 
groups of insects. 

To sum up: a typical insect is an animal with a hard cover¬ 
ing of chitin on the outside, and with its body divided into 
head, thorax ;uid abdomen. It possesses three pairs of legs,, 
two pairs of wings, usually both simple and compound eyes, 
and one pair of antenme. Not all insects possess all these 
characters, but a pair of feelers and six legs are always present 
in the tulults. 

We will now study the wasp as an example of a typical insect, 
and then go on to deal with further types in the following 
chapters. 

The Wasp 

In .summer wa,sps are abundant everywhere, and usually a 
number find their way into the house, where they may be 
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cilvight Oil the window pane. The simplest way t:o do Ibis is > 
to ])iaee llu; mouth of a killing-bottle (or a tumbhu') over tlic ' 
insect, and when it flie.s into the bottle, slip a piece of card¬ 
board or stiir])a])er betwc{;n the window pane and the mouth 
ol'tlie bottle. Tin: lid can then easily be screwed on. You can 
also catch a good many at once by stirring a spoonful of jam 
with a little water and placing it out of doors in a jam-pot. 
Many wasps will drown themselves in the sticky liquid, Imt 
any not dead can be killed by adding boiling water. The I 
sticky liquid should then bo washed off the dead wasps with | 

warm water, and, when the insects Inivc dried, they will be [ 

sniliilile for study. 

I'lie body of the wasp is only thinly covered witli hair, ' 

so the va,rions parts are easy to sec witli tlic aid of a hand 

lens, The hiinl pl.'ites of ehilin whieh form the l>ody wall 

are very obvious, and 
the three parts of the 
body, the head, thorax, 
and al:)(lonien, can lie 
seen at once. Tlie head 
iseonnected to the thorax 
by a quite narrow neck, 
and the thorax is similarly 
connected to the abdo¬ 
men by a .slender stalk 
wliieli can be made visible 
by Ixaiding the abdomen 
downwards. 

If you look at the 
“face” of a wasp from the 
front, you should be alile 
to see the pair of antenna;, 
the compound eyes, the 
.simple eyes, the top lip, ^ 
and the powerful biting 
mouthpartsor mandiblc.s. 

The positions of these 
structures arc shown in 
B’ig, 6o, The. tlirce simple 
eyes arc more clearly 
.seen if the head is 
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observed from above, but a hand lens is necessary to see 
them clearly. 

riic compound eyes are very large. Each starts on top of 
the head and runs^ down one side, to end just above the base 
ol the mandible ol that side. Near the top, each eye has on its 
inner margin a deep notch or bay, in which the chitin is 
coloured yellow. The antennae arise from near the mid-line 
on the upper part ol the face. Each antenna has a long first 
segment, a very short second segment, a third segment about 
as long as the first, and then nine other segments about as long 
as___onc another and roughly one-third as long as the first 
(Fig, 6o). That makes twelve segments in all. This is the 
number of segments in the antennai of female wasps, and you 
arc most likely to^catch a female, especially in early summer. 
In tlic antenna; ol male wasps there are thirteen segments. 

The mandibles will probably be closed, but with a little 
patience you should be able to force them open by means of 
a pin; you will tlien sec that they are quite stout pieces of 
cliitin,^ the cutting edges of which are jagged rather like a saw. 
Each jaw has three big teeth and a number of smaller ones. 
Behind the mandibles arc other mouth parts that can be used 
for licking up liquids. When you have forced open the 
mandibles, tlic shape of the upper lip will be more clearly 
visible. 

On the thorax are the six legs, each with nine segments. The 
end segment carries a pair of fine claws between which you 
may be able to see a dark pad. Each tibia (see Fig. 59) carries a 
pair of prominent spines at tlie end furthest from the body. 

From tlic top of the thorax there arises on each side a pair 
of wings. These may look rather narrow, because usually they 
are folded lenglliwisc. To see them more clearly, it is best to 
remove a pair from one side of the wasp and place them on a 
piece of white paper. It is best to wet the wings with spit so 
that they stick to the paper; otherwise they are liable to blow 
away. There is no difficulty with the hind wing, but the front 
wing is rather troublesome to open out. Lick the tip of your 
first finger to make it moist and place the wing on it. It 
should now be possible to unfold it with a pin, and it will liefiat 
because of the moisture. It is then easy to transfer it to tlie 
paper alongside the hind wing. You will now be able to see 
the pattern of the veins (Fig. 59). The two wings act together 




Fig, f)o,™-Fact! view of («) the German 
Wasp [V.^emanka] and (&) tlie Common 
Wasp (F. On the yellow upper 

lip of the (h'jrnian Wasp are three black 
dotSj arranged at the corners of a triangle, 
whereas the yellow upper lip of the 
: Common Wasp has ablackanchor-shaped 
mark. (Both X 3 .) 
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as one during fligiit, liecansc the hind wing earries along its 
front margin a row of little hooks that t:atoh on to the rear 
border of tlic Ifont wing, making quite a firm connection. 
Tlie liooks are rather small and not easy to see wiliiout a 
microscope; but as bumble bees also liavc thc.se liook.s, you 
will be able to study the device much better in them (Fig, 65). 

Ti le abdomen of a female wasp has six S(;gmenls which can 
be counted. Actually there are eiglit segments Irelonging to 
the abdomen; but tlic first is a small one fixed firmly to the 
hind end of the thorax, and tlie second makes the connection 
between this and the six remaining segrnenls. In tliis chapter, 
when I speak of t lie abdomim I am reli;rring only to these six 
large segments. I'he joints between the aJidominal segmiaits 
are viblc to the naked eye, and you can see that they allow 
each segment to move with riispeet to its iieighlwuirs. Each 
si^gmcnt has two plates of eliitin, a small one on the undtir- 
surface and a larger one, forming the side walls and top, whieli 
overlaps the snudl one at its edges. You will see tliat the liody 
of the wasp is completely protected by this armour, and that 
there are no soft spots where it coukl he attacked liy otlier 
insects. 

The wasp carries its sting in its tail. Normally tlie sting is 
hidden inside the abdomen; but it is sonuaimes possible to see 
just the tip of the sting, wliich looks like a dark brown iieedio 
like point, projeciing from the very tip of the afidornen. Tliis 
.sting is really a much altered eggdaying tulie, and i.s therefore 
absent from male wasps. 

The life history of the wasp is interesting, At any lime 
from the end of Marcli until tlic! end of May, you are likely, 
on sunny days, to see c.speGialIy big wasps whicli are rather 
sluggish in their movements. I'hcsc arc queens that have passed 
the winter sleeping in some slicltercd plaee—I sometimes find 
them among the junk in the garden shed during winter months. 
With the warmer days of spring, they become more active, and, 
after a period of searching, find a suitable jiluce, usually a hole 
in the ground; to make a nest. 

As soon, as a sintab,le site has been chosen, the queen wasp 
sols about gathering nesting material. This i.s usually wood 
which .she rasps off with her strong maiidi]d('.s. I have .seen 
wasps eating away paper from notices pinned up out of doors, 
and a tennis club to which I once belonged found it impossible 
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to keep notices on the out-of-doors notice-board because of this; 
but that was later iii the season when there were many more 
wasps about. The material obtained in this manner is mixed 
with saliva, and ibrm.s a brownish, rather brittle, material 
known as wasp paper. The queen fixes this wasp paper to 
the roof ol' the eharalxM’ in wliich the nest is to be built, and 



Fifi. Oi.—Youiif; nest of Common Wasp, (a) entire nest, ,'ioon from below. 
(I)} luwl rvitli iuilf of tlui wall cut away to .sliow the manner of attachniont of 
tlioeoml) to tlu! roof, (Botli X i,) 


the iKist is constructed to hang downwards from the roof, to 
which it is attached by a central pillar. The queen first builds 
a horizontal sheet of “comb” which consists of several cells side 
by side and opening downwards (Fig. 61). Into each cell she 
lays an egg, fixing it there by means of glue. In a .short while, 
the eggs liatcli and the larva; that emerge are fed by the queen. 
Soon the larva; (or wasp grubs as they are usually called) are 
full-grown, Then each grub closes the open end of its cell with 
a .sheet of silk that it spins Ifoin special glands under its head, 
and enters a resting state. From this it soon emerges as a fully- 
grown wa.sp and bites its way out of the cell, through the silk 
capping. The whole process takes about five weeks from the 
time the queen laid the egg. 

These new wasps are, females, like; the queen, but arc smaller 
in size and not capalile of laying eggs. They are called workers. 
These workers now take over the task of hunting for .such food 
as insects and sugary Iruit-juiccs, and they also enlarge the 
nest by building more layers of com!:) under the existing ones. 
The queen now devotes herself entirely to egg laying, and the 
population of the nest rapidly increa.ses, so that at the peak 
there may be as many a,s 5,000 wasps. Sometime in August, 
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males and young queens are produced in the nest, and fly 
freely outside. Soon the young quMiis mate with the males ? 
(though not necessarily with males from their own nest), and 
go to search for suitable places to spend the winter, just as their 
mothers did before them. When a young queen has discovered 
such a place, she creeps in, tucks her wings, legs and feelers 
underneath her, and falls into a drowsy condition, remaining 
in this state until aroused by the warm clay.s of spring. 

As soon as the last young queen has lelHhe nest, the he- j 

haviour ol the remaining workers changes. They kill and cat | 

such larvae as remain, and break up the nest. I’hen they leave j 

the nest for ever, and soon perish in the cold autumn weather. | 

The old queen dies also in this way, so that the only wasps that | 

survive the winter are the young (iins’iis. In this way wasps 'j 

resemble bumble bees, for with tliern also, only the young ; 

queens survive the wint(;r. In hive hoes liotli the queen and r 

a good number of workers live through the winter, although 
the males (tlie drones) are killed olf by the other bees at the 
beginning of autumn. 

The foregoing account applies to die two common species ( 
of wasps, tile Common Wasp, Vfspti vuls^tim (vubgare-is), and 
the German Was]), (j The life 

histories of the other wasps dilfcr but little. Altogether there 
are seven Britisli species liclonging to the genus Vespa, 

(1) Tlic largest is the Hornet, Vespa emhro, (v. kray-bro), 
but thisTS not at all common. It is so much larger than 
even the queens of the other British wasps tliat it is im¬ 
possible to mistake it. In addition the colours are orange, 
yellow and reddish lirown, instead of black and bright 
yellow as in the remainder. Hornets usually nest in 

, hollows in trees. (The Hornet is shown in Plate VII). 

(2) The German Wasp, 'Vespa gemankus, builds unde^ t 

ground, and is common in houses. ' 

(3) The Common Wasp, Vespa mil§aris, also builds underground t 

and is common in houses. 

(4) The Red Leggf,d Wasp, Vespa rufa (v. roo-fa). This wasp 
also usually builds its nest iind(;rground. AltlioughRcd 
Legged Wasps are quite common, you will not often 
catch them in houses. The legs and parts of the 
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abdomen arc usually coloured a distinct reddish 
brown. 

(5) The Tree Wasp, Vespa syhesiris (sil-ves-tris), usually 
builds in a hollow tree, or, according to some naturalists, 
the nest is built hanging from a liranch. 

(6) The Norwegian Wasp, Vespa noroepica (nawr-vcj-ik-a), 
huilds its nest hanging from a branch of a bush or low 
tree, fully exposed to view (Plate HI). 

(7) The Wood Wasp [Vespa aiistriaca (aws-tri-ay-ka), is 
peculiar in tliat it has no nest of its own, but is always 
found in tlie nest of tlie Red Legged Wasp. Workers of 
the Wood Wasp have never hccai found; specimens are 
either males or qiuams. Eggs are laid by the Wood Wasp 
queens in the combs ofRiul Legged Wasps and arc cared 
for liy the Red Legged Wasj) workers until the adults 
emerge. In this way Wood Wasps are rather like 
cuckoos, and liecause of tliis resemblance, tlie Wood 
Wasp is sometimes calltai the Cuckoo Wasp. We shall 
find that tlie same haliit occurs among the bumble bees 
(p. m). 

I'lcre is a key to the British species of the genus Vespa, Re¬ 
member tliat males liavc thirteen segments on their antenna;, 
and seven visible segments on the abdomen. 

KEY TO THE BHITISH SPECIES OF V 1 S 8 PA 


i Insect about 2 inchos long; colours brown, orange 

and yellow hobnet 

Insect loss than H inehos long; eoloiirs black and 
bright yellow, soinetimos with a reddish tinge 2 

2/First segment of antenna entirely black 3 

'^IFirst segment of antenna yellow underneath C 


Thorax with ono pair of yellow spots on top at tho 
hind end; abdomen and logs distinctly tinged 
1 with rod BED I.MOTD WASP 

Thorax with: two pairs of yollow spots on top at ^ 
the hind end; abdomen and logs not, or only 
, slightly, tinged with red 4 
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A black anohor-sliapedmark (Fig. 60/j) on tho yellow 

of the upper lip; the yellow stripes running along 
the front skies of the top surface of the thorax 
are parallel-aided common wasp 

4. Theyellowoftheupper lip with three black marks 
arranged thus (or else the top mark may 
have the form of a short bar like tliis,',the 
yellow stripes along tho front top edges of tho 
thorax are thicker towards the hind end German wasp 

Yellow upper lip with a single black spot in tho 
centre; a broad band of black on the second 
j- abdominal segment 6 

^ Yellow upper lip with throe black dots arranged 
thus. ■.; the band of black on the second abdo¬ 
minal segment narrow wood wasp 


6 


The black mark on the yellow upper lip a small 
dot; the broad black band on the second abdo¬ 
minal segment extending right across to tlio 
sides as seen from above tree wasp 

The black mark on the yellow upper lip is a heavy 
stripe; tho broad black band on the second 
abdominal segment is narrowed suddenly near 
the edges NORWEGIAN WASP 



CHAPTER TWELVE 


Bumble Bees and Cuckoo Bees 

Bumble Bees—Life History 

DUMBLE Bees (or humble bees) are a group of insects that 
■^must be lamiliar to everyone. The noisy buzz of their 
flight, and their heavy bodies, thickly clothed in hair, make 
them most conspicuous. There are seventeen species of bumble 
bees in Britain, and I shall describe in detail one of the most 
common, the Buff-tailed Bumble Bee, Botnbus ierrestris (bom- 
bus ter-res-tris); but before doing so I must tell you something 
of the way of life of these bees. 

In mo.st insect species there are only two kinds of individuals, 
males and females; but in bumble bees, as in wasps, there are 
three kinds: queens, males, and workers. Also, as with wasps, 
a number of bees live together in a common nest, and so form 
a colony. The queens start the nests and lay the eggs from 
which the rest of the colonies are derived; but the males do 
nothing to help with the work of the colonies, for their purpose 
is to fertilise the young queens in autumn. The third group, 
the workers, is composed of females that do not, as a rule, lay 
eggs. In structure, the workers closely resemble the queens, 
but are smaller in size. They are the bees that do the main 
work'of the colony. 

The only bumble bees to survive the winter are the young 
queens. These find some sheltered spot during autumn and 
remain there in a sleepy condition until spring. The queens 
of the particular bee we shall study, the Buff-tailed Bumble 
Bee, usually pass the winter in holes they have dug in the 
ground.i 

In early spring the young queens are aroused on warm days 
and take short flights, feeding on such nectar as they are able 
to obtain from the spring flowers. As the weather becomes 
warmer, tlie queens fly more regularly and commence to look 
I’or suitable nesting sites. The Buff-tailed Bumble Bee prefers 
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the empty nest of a mouse or a vole. In the spring yon can 
often see searching queens hovering over likely spots on the 
ground. 

Having discovered a suitable placcj the queen enters to 
inspect more closely. She may have chosen a mouse’s nest. 
This consists of a mass of moss, grass and dead leaves, usually 
placed in an underground chamber. After tlie winli'r it is 
certain to be damp, so she first makes a little cavity in tlic 
centre, and here she settles down and gradually dries out the 
nest with the heat from her body. 

Then she goes out and collects pollen from iAtwers. 'This she 
moistens with honey and makes into a ball, raiher less lhau the 
size of a pea, which she places in the centre ol du; nest . On this 
pollen she lays about ten eggs and covers them over with wax, 
which is made in her body and given out from specitv! glands 
situated on her abdomen. 

To assist the development of tlie eggs, the (jueeri sits on them, 
warming them with the heat from her Ix k'v. At intervids, she 
leaves the nest to collect I’ood. In order to store tlu; lioney that 
she makes from nectar collected from flowers, she; Iruilds, near 
t:o the entrance of the nest, a wax honey pot almut tlic .‘iize of 
an acorn. After a collecting expedition, the honey she luis 
gathered is placed in this honey pot, and dining Iraii weather, 
when she cannot go out collecting, she takes sips from it as 
required. 

In about lour days, tlie eggs hatch into little whitish gruh-s 
(larvie) that devour the honey-pollen paste on which the eggs 
were laid. From now on they arc fed by tlie queen with a 
mixture of pollen and honey, which she places in the chamher 
where the Imvai are.^ As the larva; grow In'ggcr, the chamber 
which contains them is enlarged by the queen, who constantly 
adds to the covering of wax. 

About eleven days after the eggs were laid, the larvae are 
fully grown. They now spin delicate white covers called 
cocoons around themselves. Inside tlie eoeoons they slowly 
change into the adult form and usually about the twenty- 
second day they bite their way out. At first they are wet and. 
rather soft, but rapidly their tissues harden and they are now 
ready to help the queen. 

These first bees are all workers and are much smaller than 
the queen. After a day or so they are ready to go outside the 


BUMBLE BEES AND CUCKOO BEES 


nest foraging for pollen and nectar. They also help in the 
building of new comb and in tending new larvae. 

The nest now expands quickly (Plate III). More eggs are laid 
by the queen and stores of pollen and honey arc gathered. 
Extra honey pots arc made, and the empty cocoons, from which 
the workers have emerged, are also used as store jars for honey. 
Pollen is stored in three or four special pollen jars made of 
wax. 

The number of bees in the colony may increase to between 
200 and 300, all of them workers except the original queen. 
However, as tlie season goes on, some eggs are laid that develop 
into new queens and others that become drones, These hatch 
out in late summer. The males and young qiiccms usually 
leave the nest as soon as they can fly, and do not return. They 
manage to kee.p themselves alive on the nectar tliey can gather 
from flowers in blossom at that time, and you can often sec 
males drowsing on the flowers of knapweed and lliistles. 

Tlic young queens and the males mate t(,)gcther, but not 
usually ma.k;s and queens from the same nest. The males die 
shortly afterwards, but the queens find for themselves suitable 
winter quarters. Usually tliey dig a Httk; cavity in the 
ground in a place, such as a bank, that is likely to be well 
drained and docs not catch tlie sun. Tliis i.s important bcc.ausc 
it: would be bad for a queen if slie were to be awuken(;d I:)y the 
ground becoming warmed on one of the sunny days that some¬ 
times occur in winter. Before they are waslicd away by rain, 
tlic little piles of earth the queens dig up may help you to 
discover their wint:cr sleeping places. 

The old nest (i.c;., the old queen and workers) dies out com¬ 
pletely in the late autumn, so tliat the continuance of the 
.species during the next year depends entirely on the young 
queens. 

Bumble Bm-^-Stmeture 

The queen of the Biiff-tailcd Bumble Bee is a large inseet, 
whose body may be i inch long and the wings t| inches across 
(Fig. 62). The body is thickly covered with hair, which for the 
most part is black; but at the front of the thorax is a band of 
deep yellow, and there is another belt of yellow across the 
front of the abdomen. The tail of the abdomen is yellowish, 
but not so yellow as tlie otlier bands, and the hairs of the tail 
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usually have white or ercani tips. In old speoiineiis the tail nmy 
look almost white, flhate Vlf :diow;;u^lllll-taiha^]h!l^ll^l(^]5(:( 

On the head, tlie anlcnuju are clearly visible^ .'tiekiiig (>"i. of 
the middle of the Ike. You can see tliat each antenna is laack, 
and consists of twelve .segnieutii. IIr! first seifinent, starting 
from where tlic tintenna is fixed to the h<;ad, is long; the nther 
eleven are nmeh smaller and are all, escept the first, ahout 
the same Icngtii. At the; sides of the head aiv the very large 
c(nj ipiauid (iyesj^ind lH:tvveeu these, 
on th<; fondiead, is a row of tliiw- 
sim]de ey<'S wliieli may Ih; some¬ 
what hiddtni by hairs, 

Tlw: mouth of the betr is on the 
undt'rsidt^ ol' the head. You may 
nut k; alilc to .see the actual 
optmiiig, but the mouth parts can 
u.studly he discerned with a hand 
lens, (especially in frc.shly kilhal 
sitecimens. In front then! are two 
hard jaws which the bee uses fiir 
in ting, Behind the.se, and usually 
.sticking out a long, way, is the 
tongue in its sheath. The tongue 
is quite longnnci rather reddish in 
colour, and it end.s in a delicate 
brush with which the bee can wijie 
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Fig. O3,"-Front vinvv of tlio face 
of a Huff-taii(;cl Unniblu Jjoo 
(B. tenestm) quean, x.^. 
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Up nectar, 'f'lie shtratli, 
consists ol' luur stouter 
piect'S. lug. 63 should 
make clear tfie delaii:; 
of the liead slnicture. 

OMtli<M:hora.xanctwo 
pairs of wiiujs, wlmst; 

V(,uiis are arrangtnl as 
sliown in, log. (i j. The 
front wings are l)igger 
than tlie liiud wings, 
hut, wiimi tile liee is 
flying, the two wings of 
caeli .side are lucked 
togellier liy a curious 
device. Along die front 
edge of the hind wing is a .series of little hooks, which catch 
on to the lutiu'iied back edgi* of ifio lore wing and I'asteii the 
wings toj^etheivaj that the pair ai:t as one wing (dig. Gg). IF the 
whig.s of the bee ymi are t::xaniiiiin!;; have emne apart, it is 
usually easy to make lliein lock toiyiher atpiiii Iiy pushing the 



I'Ki. (I't. aio; lixkiOK ili-vuc id Urn wiiiK'; of liiilul.l'* Umi (B. temUfU, 
uctiiully tli-iwiij. [)t n/j llttt iiinU .1 front, from the ri){lil .Huiu 
IK tlnovii fi(tm umiijf.'ir.itli, in ■Jimv tlm niitiinni HrUiw it is dnovn a 
top view of tht; t'orti's',tim<lin^ O’^ioii iil t!ic fiuiit ulj,;?! of tin* left hind 
wiuK, whuili tn:iirs twenty oiii- stout fiook'i tlml loi k into Urn fjroove foniict! 
by till* inturiniil edgo of tiio foie wiug, (I/) ,l dmgr.tm to sliuw tho locking 
m'lianiiiii, 



''I'S iq.. 'I'Ik! riigif: fnml; wiuj,; (fd/twr-), anti 

Urn I'iidd: bind winj..; {Iwltnn} of tlio qmiou of 
fb‘! I'■ld(a;dl(:d Ibiiulili; Bou (II. tcirntrid), 
to iiliow till! vuin pattern, SE-f. 
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Fig, 06 .--Thf 5 anteniiiil clciininfi' device from the 
front leg of a Biiff-t;ul(id Bumble Bee {11 
ierm/m% much enlarged. 


ii8 .- .. 

hind wing up to the 
fore wing with a pin. 

Tlic outer portion 
of tire fore wing, be¬ 
yond where the veins 
linish, is rather 
cloudy, as you can 
easily see by holding- 
the wing over a piece 
of white paper. In 
some species of bees this area is quite clear. 

On the ventral surlace of the thorax arc the six legs; each 
leg consists of nine segments of which the last four are very 
slender (Fig. 67). Tlui last scgnuait of all l iears a pair of claws, 
each claw being split into a large and small part, and between 
the bases of the claws you should be able to see, with a hand 
lens, a small hairy pad. 

The five segments nearest to tin; tip arc togidiier called the 
foot or (arm, and the next seg¬ 
ment i,s called the Him, The 
names of the other segments 
arc given on Fig. Gy hut are 
not important for our pur|:)o,sc. 

Each front leg licars a little 
notch on the under surface of 
the first segment of the tarsus, 
at the end which is attaciied 
to the tibia. The notch has a 
prominent spine placed over it 
(Fig. 66), and this arrango 
ment is used to chain the 
antenna of that side. Antenna; 
are delicate sense organs, and 
if they beconie covered with 
dust or pollen, they cannot 
properly carry out their fimo 
tidn. To keep the antenna,; ,, , 

cleaii, the bee liom lime to Huiubiu Bee (u. temstrh), 

time draws them througii the i" uiiow iiu; poiitm ba.Hket formd 

notches and so scrapes off any !'>’ IfIf;f"" 

, 1 J fatm of tiu! tibia, .Notu tlm two 

unwanted matter. .siiinraalilmaidoftlmtibuqx^). 
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At about the same place on the second pair of legs, is a pro¬ 
minent spike which is used to remove pollen from the pollen 
baskets on the third pair of legs. 

The third pair of legs is very characteristic of female Itumble 
bees (Fig. 67). lire tibia is quite smooth on its outer side and 
is rather hollowed out, and this hollow space is fringed with 
long stilf hairs whi(;h curl over the hollow and so make a kind 
ofba,sket. This is the pollen basket. On the inner side of the 
large first segment of the tarsus are many short stiff hairs, all 
pointing away from the til}ia. These make the pollen brush. 
Pollen is stored in the pollen basket by the bee when it is out 
collecting. You can frequently see the briglit masses on the 
back legs of liccs (both hive bees and bumbh; bees) as they 
liovcr in front of, or crawl into, llowcrs. Tlic pollen brushes 
help to clean pollen olf the hairy body of the bee and transfer 
it into the pollen liaskct. 

On the outer edge of the; tibia of (;:iu;h back k;g, next to the 
tarsus, arc two stout spines. I do not know what: they are used 
for. Possibly they may lielp the queens in digging the holt; for 
hibernation. 

The a 1 :)dom(;n i,s more thickly clothed with hair aliove than 
beneath. Viewed from below it can lie ,s(;(;n l:o consist of six 
.segments. It tapers to a point at tlic tail, in whicli the sting i.s 
concealed. In a freshly killed bee, the sting can be made to 
come out by gently squeezing the abdomen. It i.s quite im- 
plca.sant to be stung ]:)y a bumble lice; Irut tlicsc insects arc 
not vicious and never at'tack without considerable provocation, 

Tlic workers are considerably smaller than the qiiecn.s, lieing 
little more than .!• ineb long, with a wing span of slightly more 
than I inch. The tail in the worker of the bnlFtailcd Biirnblc 
Bee is not so yellow as that of the queen, sometimes being almost 
white except for tlie bases of the hairs, wliich arc yellow. 

The males are very similar to the workers ,iii colour. Tliey 
can be distinguished by the absence of poH(;n baskets from the 
tibicC of the back legs; liy the presence of tliirtecn segments 
on the antenna; (workers have twelve); and by the hict that 
the faces of males tend to be more hairy than the faces of 
workers. 

The other bumble bees do not diflcr a great deal from 
Boniks kmstris except in size and colour. The Carder Bees 
have very little lilack on them, tlic body being covered for the 
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most part with, yellow or brown hairs. Tliese Carder Decs art' 
bumble bees that Ifuild nt'sts on tlic suifuce of tlie ground, 
surroimcling them witli a mass of woven moss or dry grass. 
Apart from the Cuckoo Ikes (sec below) there arc only a few 
insects tluit you might mistake for bumbli^ bees, e.g,, the 
Digging Bees, Anilmm (an-dree-na), tliat make holes in the 
lawn in spring, and the liamlsorae black insect called Anthn- 
phorapilijm (an-tho-fore-a pil-i-pays). But careful comparison 
of the vein pattiu'n of tlie wing with Fig. 64, should enable you 
to decide tliat tliesc and similar insects are not bumble bees. 
Tl'ie enlarged, first tor,sat segimmts of the second pair of legs oi' 
Anihophora bear Jong tufts of hair tliat arc very conspicuous, 
t;ven in flying insticts. 



Cuckoo Jke.s 

I'hc account given eai'lier wa,s of tint nnrnud lifij of a colony 
of Bulf-tailcd Bumble ,Bee,‘i, But often the colony is invaded 
liy a strange (|ueeii, one of the cuedvoo Ik:cs. 'Flie particular 
kind of cuckoo liee that may enter the nest uHkmhm tcrmlris 
is called tlie Vestal CIiigkoo Bee, and it look, s very similar 1.0 
the ,Buff*tail(:(l Bumble Bee (]uccn who is the rightful owner 
of the nest. The Vestal (luekoo Bee usually finds the nest in 
early summer fiefore there ai'c many workers. She makes her 
way in and at first, if slit: is attacked by tlie workers, she will 
try to hide—although, as the skin of her body is very liard and 
the plates of the various Hf'gments tightly overlap, she i.s not 
in much danger of bciii!.';' slung, After some days .she beeoines 
bokle-r and iilLimately lights with the rightful {jneen and kills 
her. The battle i,s very imcfinal because the Ikmhm termtm 
queen is not wc'll armoured and her .sting, bimig straight, is 
not so suitable for tins tyi'ie of fighting as is the curved sting 
of the cuckoo lice, 

The Vestal Cuckoo now takes diarge of the nest, and begins 
to lay her own eggs. Meanwhile the BulF-tailcd workers carry 
on with their duties, attending both to the larvte hatching’ 
from eggs previously laid by their own queen, and to the 
children of the Ve.stal (luekoo, 'There arc, no worker cuckoo 
bec.s; eggs laid by the queen hatch, into either queens or males. 
So, in due lime, batches of Vestal Cluckoo queens and males 
liatch oui, These leave the nest, and, after .mating has taken 
place, the inak,s die and the qiu'cns find suitable places to pass 
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the winter. 'The (.ild cuckoo bee queen, and the Bull-tailed 
workers left in the nest, die off in the early autumn. 

Tlie cuckoo beo.s are so called because, like tlie liird cuckoos, 
they get other speckts to rear their young. There are six 
species of cuckoo bees in England and eacli cuckoo closely 
resembles the bee whose nest it captures. ,It is not difficult; t;o 
see how the cuckoo habit has arisen, for queens of one species 
of bumble bee will .sometimes invade and capture the nests of 
closely related kinds. Thus Buff-tailed queens have been 
known to enter the neste of Small Earth Bumble Bees, kill tlie 
queens, and start laying eggs which, liave then been tended by 
the Small Earth workers already in the nest. 

The cuckoo bees have a wing pattern very like t:liat of tiie 
true bumble bees, but tlicy can be distinguislied by the follow¬ 
ing characters: 

(1) Both mal(,i and female cuckoo bees have the tibia: of !:he 
hind legs covered witli hairs on the outer side, which is 
roundetl. There is never any trace of a pollen liasket. 
In true humble bees there is a pollen Imsket present in 
queens and workers, wiiilc in males tlie tibia; arc flat tened 
and practically without liair.s, at h;ast in the cenlrc, 

(2) Cuckoo bees are only tliinly covered with hair on the 
abdomen, which is shining in appearance because tlie 
body plates .show through the liair coat. 

(3) The colours of cuckoo bees tend to be duller tliun l:lio,se 
ofbumblc liees, and the wings look rather smoky when 
viewed over a piece of white paper, 

(4) The tip of the abdomen in queen cuckoo bees is more or 
less incurved, and underneath the tip is a pair of ridges. 

The key given below will enable yon to name most of tlii! 
queen and weirker bumble be(!,s you catch. It will not work ffir 
the mules. The key is based on colour, and miffirUmatcly the 
colours of p^articular specimens arc liable to be dillereut fi’om 
that usual for the species to wliich they belong. Clonseqticntly 
you may occasionally get tlie wrong unswi.'r, or find specimens 
for which the key will not work at all. However, after you have 
collected a fiiir number of specimens, you should have little 
difficulty in naming most of them; and, if you keep tlieni, you 
will have somctliing to compare with any unusual .spccinre,n 
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you may obtain. It is always easier to use a key successfully 
when you have a variety ol’ sjjceiinens llir eomjrarison. 

KEY TO THE QUEENS AND WOUKERS OE 
:Rit:i't’:is:R ,i 3 U.m:itU': 

The qiieons and wod'ors (ire (lialiiiigiiislu!il friaii inale;-! hy He pnH- 
session of ,12 aegrnenta on Hie antonnie (miiloa lutvo R!), liiul by tl-.n 
pr(3Sonce of a pollen IxiMket on flio liind logs. The iniilo.s in gonenil iii-6 
smaller and inure slender in outline. In tlio key tlio iitidomon in undor- 
stood to be viewed from above. 


j^/Tail white or diiiJithi creiiiny o 

I Tail not wliito ' ' y 

g/Thorax wiili ono yellow band •} 

\Thorax witli two yellow hands 4 


t Yellow ahdoniinai hand broken in iJie nukldlo; 
g i insect rather round, in outline jiaoiiii:N-iiKi/ri.!i) miiiiiiwo m-u-j 
I Yellow abd(,)minal band iiover broken in the 
I rrikldlo; insoet itithor square in outlino .sivTAi.i, martu luiMin.H iinj.: 

l Ahdornon witli one doflnito yellow liaud; tail not 
I creamy 5 

I Abdomen with two tln'n or faint yollow liaiids; 

I tail often rather creamy .sin.iR'iMiArauD iiOMimu jiruo 

gj Rear yellow band of thorax only a fringe hm A,i.i, earth uumhle iiee 
IR ear yollow band of thorax well (loveloped d 

■ Hairs fringing tho pollen basket nxl; clieelcH only 
. „ oQtho eyes .heath HmintiiE lUSK 

^ I he hairs I'ringing the pollen l iask'otH hliu.!lt (or 
red at the tips only); (.tlieeks morn Hum y ilitj 
. length of Hie: eyo,s " >y 

■Ihoraeie liands a brig]it yellow, the IVoid blind 
broader than tlie rear (.1110; roar thoraeie hand , .HiMAi.r, oaiidI'IN 
‘ , not quite roaobing the liaHes of tho wings uumhIjE jieu 

Ihoraeie bands a dull yollow, amnotimoH uhnast 
black; bands of samo width nAHOE uahden noMiuaii hmk 

g/Colour, except tho tail, all black 
IColour not all black 
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Tail briglit rwl; wings quite eloar LARtUii BHD-TAnvRn humble hise 
Tail ratiier riisty rod; wings with a dark liarul 
across Hio ajiox odli.um’s humble bee 

T’ail rather rusty rod; wings with a cloudy zone 
]:)oyojKl tho veins ' bed .suank'ed OAnnER bee 

'Tail white (or somotimoB nearly black) labcie rabhen HUMBi aii BEE 


No black linira on tliorax or ahdornon seen from 
above 

Some lilack hairs proaoni on tho t;o]) of thorax 
or abdoinou 


' I'horax lustrous orango lirowu, dist.iuctly darker 
in tho centre; Hie Irand of dark; lirown hairs on 
the ahdomoii not well markod Musis oauheb bee 

Thorax yellowish or l:)r(,iwnis!i, noli iniieh darker 
in the eent.ro; the liand of darker iB’own hitiirs 
lai tho ahdianon well marked intowN banihii) uabheb :bbj3 


Abdomen with liands of blaek and yellow 
' "lAlidomon wilihniit hands of black and yollow 


(Abdomen all black, wilb a red tail which sliarts on 
,,, j the second seginent (nee note * below) .ini.UE.iiuv mjMni,]'! :b,ii||.! 
j Abdomen idl yollow, with a darker Irand near Ibo 
I rr(.uit end ' ciR.E.vi; v.Er,i:.ow ii.i,JM.nm!; bee 


(Thorax with a doHnito yollow hand at the fr'rad., 
M j followed Iry blaelt 
i Thorax not ns above 


■Tail rod; rdalominal yellow band ofteri broken,in 
tho miildlo or else nearly lilack; eoat rather 
„,] uneven :early rajMB,ivE BEE 

Tailap(dobi,TOi'niHhyell(,iw,theliiih*tiofleiiwhitiHh 
towards the iairs; abdominal band never broken 
, in middle; coat. vi,'ry ilenso and (:)V(,in ;nuifii'-TAnviii!> miMBivE bei'J 


'Thorax grey at the fr’iait and liuck, with black in 

hotwt.ien' ,knai;*w,bi';d cabdeb bhio 

K) ■ Tliorax- wiiih an orunge-yellowisli centre, Bur- 
rounded by paler yollow; no Irkick on ibe 
, thorax ' commoe cahueh bee 


* Noll'; (Icwisiuiml siinciin(;>nH of llui ii.\rtLv: .bi.imih.h .iimv! way have a black 
abdonion wilb a rwl tail, lint this i-itarts on the ibnrtli fiegmenfc of the 
abtkniiwi, not on the i«enil us in the iiiiamiuiY nuMiiLE BEE. 
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The names gmin in this ehapter lu the mriom ImwhU heea are. not 
used in all parts of Enghmd. A. list of the ,%mitijh' nawesis appended, 

BiiOKEN-BEKHiD iiaMBLK BEi Bomhus sonmim (so-rooiis-iH) 
SMALL EABTii HiJMBU!! BEE Bomlius luconim (low-kawMim) 
SHLTBT-iiAmEi) HTJM'BLE EE]!i Bomhus suUerranis (fiul)'tor-rano-ia) 
ilEA’rn ;iiiJMBLJS bee Bomhns jonelks (jon-nl-liw) 

HMAix gabt)]!:n humble B 13 .IS Bombus horKmm (horror-urn) 

LARGE GARDEN HUMBLE BEE Bowhus rudemtiis (rood-or-iiyt-us) 

LAEGE BED-TAIL HUMBLE BKi!! Bomhvs lapiikrm (l/i,p-o-daro-o-iis) 

oullum’s humble he'e Bonibns culhmunua (kul-low-may-nus) 

RED-SHANKED OARDEB BEE Bonibus rudcrarks (rood-o-raro-o-us) 

MORS OARDEB BEE Bovibus miiimrum, (imig-laiAvr-iim) 

BROWN-BANDED GARDEB BEE BomhlS himnlis (]lO\V-luil-iH) 

BiLBEBBY HUMBLE BEE BotJihus lapponieus (lap-poii-ik-Hs) 

GREAT YELLOAV HUMBLE BEE Bmihis d.ist.ingumdk (difi-fritig-gwou-dia) 

BAR'IA" HUMBLE BEE Bomhus pratmim (j’lniy-tor-vuii) 

BUFF-TAILED iniMBiA!! BEE Bomhus icrrcslrk {Uir-roH-triB) 

KNAPWEED OARDEB BEE Bonibus .njlmivm (Hil-vnyr-mn) 

COMMON OAKDER BEE Bombiis ugroruvi, (iig-riiw-rvBn) 

Tlic cuckoo bees belong to a dilTercnt gi:iiiis called hilhyrus 
(si-tlii-rus), and there-arc six s|)eeies iii England. Uiilbrtu- 
nately they have no commonly accepted English names. Here 
is a key that will help you to tlistinguish the species. But 
rememlier that it is based on colour which is not a good 
characteristic by wliich to distinguisli beeSj so that you may 
come across difficult specimens. 

SIMPLE KEY TO THE CUCKOO BEES 

, /I’ail all rod Psilhyrm nipcstris 

■ 1 Tail not all rod 2 


(Thorax witli yollow in fremt and hohind 3 

SI Thorax with yellow in front only (but BoinotimnK 
1 thoiB aro a few ytdlow huirB hohind) 4 

,,/Tail all white P.harhutika 

‘H. Tail yollow P.emiipestris 

j Two promiriont ridges on tlio aurfaco undorneath 
. I tho tail , 5 

* The two ridges underneath tho tail are very low, 

I alniaat absent , P.tiumlrkob 
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' Till’) yellow' at t/ho sidos of the white tail is a bright 

lemon yollow; coal; short and even p, vcstalis 

T) ■ Tho yellow at tho sides of tho white tnil is pale and 
soon fades to nearly white; coat longer and more 
. uneven p, distinetus 

Names have been suggested for these mho bees, and I give them 

hebw, together ivith the kind of bee whose, nest each auehoo captures. 

P. rupestris (ru-post-ris) the hill ouokoo bee— invades the 

nests of tho Large Red-tailed 
Humble boo, 

P. vestalw (vos-[.alo-is) the vestal ouokoo bee— invades 

tho nests of tho Buff-tailed Humble 
boo. 

P. barbutellus (bar-bow-tol-lns) barbut’s ouokoo bee— invades the 

nests of the Small Carden Humble 
bee. 

P. campestris (kam-pes-tris) the field ouokoo bee— invades tho 

nests of the Common Carder bee. 

P. quadrmlor (kwod-ro-knl-or) the four ooloured ouokoo bee— 

invades the nosts of the Early 
Humble boo and the Heath, .Hum¬ 
ble bee. 

P, distinetus (dis-tingkt-us) the wniTE-TAiLiro ouokoo beb!— in¬ 
vades tho nosts of the Small Earth 
Humble bee. 
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Butterllies and Moths 


DECAUSE of their hirge iiliowy wings niifl their hal>i(: of 
-^^flyiiig in the daytiim; l)ut(:er(li(',s’ are uniong' the most I’ainiliiir 
ill,sects. 'Ehc Smai:.l Gauh.'Vci:; Wnrri; 1 >ijtt]';ui',i.y, Phris nipit- (jii- 
ec-ris rtipoee), will be described, siiit;e it is ewiiiuon in Ijuih 
town and (lomitry districts. 



The Small While IkUcrjly 

Tlic Siriall While iniltmUy is a tyiiieal iiiseei. It has a hard 
.skeleton covering its l.iody, and the body is tiivided inoi tlirei; 
parts: the heail, tlioraK and abd,nineii. On tiie ihorax are 
carried two pairs of wings and, diree )iairs ol'hg'-’-. ^^'Eiie on the 
head arc a pair oreoni]:iouiid eyes and a paii' of anleinne. Siielr 
a general deseriptinn would .serve liir many odier insects, Imt 
buttcrllie.s and moths can nstially I.ii' identified a,t once, hecause 
their liodic.s and wing-i aiv thickly idothed with .scales. 

The lieadj thora.Vj aiidomen, anti legs of the .Small White 
butterfly all have a. dense coirring oi' long hairdila* .scales, 
creamy-grey in colour, thoug;h ohen dtniier. Tlie toj.) Kiirfaces 
of the thorax and abdomen arc less tliiekly covered than the 
other ptirts, and ,so llie black .skin sliow.s llirongli. The wiMg,s 
arc clothed com})lelely in, scales which are set in row.s like the 
tte on the roof of a Itoiise. They (am just la* .seen under a 
good hiind lens and arc very easily rublied off as a wJiitish 
powder. 

The anteniiie aiv lixed with their ha’U's fiiily i io.se together 
on the top of tlu! lie.’id. They an- long; and .slender hut arc 
thick(*ucd into elulw at their tips. As is usual in insects, the 
antenna; an' comjioscd of nnmerons se.gments. 

On the .sides of the head, below liu' |jas(’s of (Ik; aiileiiiue, 
arc the large compound eyes, roimd in ontliiK* and gieenish 
yellow in oolonr. jutting forwarcl from the "ehin” are two 
hairy finger-like pi oce.s.ses, the palpis. Each pal]) has three 
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segments, ol’ wliicli the one at tlic free end i,s rather pointed 
and thinner than the other two. 

between die liases of tlie ]:)al|),s is the bnttcrny’.s tongue, or 
jmihosdi as it. i,s iriore [irojierly called. Thi,s is nio.st likely to 
be lightly coiled like a watch spring, Imt in a living or fre,shly 
killed insect it can he .straightened out by means of a pin and 
wilt be fomul to lie (piite long. Often, when it is being 
Ktraiglitcned, iij,:)utlcrlly’,s pi’obosds separates into two halves, 
a right and left. ],kieh lialf has the shape of a, hollow guttei', 
anti .so, when tlie tw'o lia,lvc.s are brought together, as they 
are in life, a liollow tube is made through which tlic insect 
can Slick nectar from lloWi'rs. Tiiis .slicking action can lie 
w.'itched in living laitterllics on llowcrs, or alternatively it is 
jKissible to feed a, living Imtterlly by putting it.s tongue inl;o a 
drop of sugar solution on the edge of a plate. 

The wings a,re ra.l.lier large. Tlteir shape, as well a.s tlie 
[latlern of tlicir veins, i.s shown in Eig. Gtk During flight the, 
two wings on (‘uch side lieat as one, Imt there is no special 
device to link them together siieli as is |)resent in wasps and 
liees (p. It7). Ill fliglit, the front wing slightly overlaps the 
hind one which has a .special area (tlic humeral lolm) developed 
to support, the front wing. 

When a Imtlcrlh' is re.sting, the wiiig.s are folded together 
in ail upright jmsiiiou oviir the liack (Fig. (;i8«), although in 
siuisliine a butterfly may spread out its wings to catch the 
warmth. d,'lie coloiii' of the wings In tli,e Small White varies a 
little in diircrenl .s[)ecimens; Imt a,s a, rule the iipiier surfaces 
arc while, soinclimcs witli a [lalc yellowisli tinge, and more or 
less .sprinkled with lilack, esiieeially towards the liody. .fn, the 
female Small Wliite the tips of the front wings usually liavc a 
l.riangiilar Idack simidge, lieh.iw whi{.;h are l:wo prominent black 
spots, and ollen on the hind margin a,Mother iihick smudge nm,- 
iiiiig into tlie Iiindcr-inost lilack .spot. The liirid wing.s of 
female.s usually have a blackish .sjmt just beyond the middle 
(if the iionl margin, 

In mail's tlie numher ot'hlack sjmts .is le.ss. In addition to the 
lilaek wing tip, liierc is usually only one spot on each front 
wing. On the front, margin ol' the hind wing there may be a 
black spot, but in ,s])(‘ciiiicu,s halchcd in spring from over- 
vvintering pupa:, this inay be alweiit. 

Tlie undersides of the hind wings in both .sexes are a 
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(iS,. . 'riui Small Cabbage Wliite Ibitterlly {Pmts mpw]. («) ia : 

attitude; (i) male iroin svinimer lirood, set spKimmi; (c) cater- . 
pillar, drawn with tint hairs omitted; (ti) egg, j (tf), (i'). (c) X3: 

(d) X8.):i 

distinct yellowish gt’oen sprinkled closely with black specks, 
The amoimt of black on the Small White bulterfiy varies a 
good deal, especially with the time of the year the butterfly 
hatches from its pupa (see p. 133). In those insects that pasS: 
the winter inside the pupal case and hatch aljout May (called 
the spring brootl), the dark markings arc very miufli liglitcr 
in colour than they arc in those tiiat hatch out in August (the 
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summer brood). Sometimes black marldngs may be almost 
absent from members of the spring brood. 

The six legs are rather similar to one another, and there is 
nothing very special to notice about them. They are rather 
slender and clothed in hair-like scales. The last five segments 
make up the foot or tarsus and the last segment of the tarsus 
carries a pair of claws. _ . _ 

The abdomen is more or less cylindrical and consists of eight 
visible segments which can move on one another, In those 
females that have not yet laid their eggs the abdomen is dis¬ 
tinctly plump. 

After a female butterfly has mated, she seeks for suitable 
plants on which to lay her eggs. Garden nasturtiums and the 
various members of the cabbage group of plants are often 
chosen. The eggs are laid singly and are stuck on to a leaf by 
means of a drop of sticky liquid. Each egg is rather skittle- 
shaped (Fig. 68rf) and is a pale greenish yellow in colour, The 
eggs are quite visible to the naked eye, but a hand lens is 
required to sec the fine markings on the shell. These markings 
consist of about eleven raised ridges running from the narrow 
top of the egg to the wider base. These ridges are connected to 
one another by raised cross ribs. The drawing makes the struc¬ 
ture clear, but you must certainly find eggs for yourself. They 
are quite common and on sunny days in April and May,^ and 
again in August, if you stand quietly by a bed of nasturtiums 
you are quite likely to see a Small White butterfly laying her 
eggs. She lays them both on the top surface and the underside 
ofieaves. _ . . 

As an egg gets older, it becomes darker in colour until it is 
golden yellow, when a tiny caterpillar hatches from it. The 
time between the egg being laid and the hatching of the cater¬ 
pillar varies considerably, according to the temperature; the 
warmer the weather the sooner the eggs hatch out. This is 
because living processes go on more quickly as they become 
warmer—though if the temperature gets too high, the living 
organism may be killed. Of course, in warm-blooded creatures 
such as man the body-temperature is kept constant, so that 
such animals arc largely independent of the weather. 

When first hatched, the caterpillar is too small to be examined 
comfortably. It has a hard roundish head and a pfl: green 
body. It starts to feed and grows rapidly until its tiny skin is 











so tightly stretched that it can grow no more. At this stage, | 
the caterpillar moults and throws olF its old skin, which splits I 
down the back just behind the caterpillar’s head. I'lie cater- I 
pillar gradually works its way out from this split, leaving Ixdiind 1 
the old skin and the skeleton of the head. Before this takes i 
place, however, the caterpillar has grown a new and bigger 
skin underneath the old, so that it is not left unprotected. For ; 

a short time the new skin is soft and moist, but it soon hardens i 

in the air. ! 

As the new skin is much bigger, the caterpillar can go on 
growing again, provided that it has food to eat. There comes i 
a time, however, when the new sldn also is too small for the ' 
increasing sizc of the caterpillar, which consequently has to i 
moult again. In all, it moults four times. I 

^ After the fourth moult the caterpillar is about an inch long; 
its body is rather cylindrical in shape, though it is fattest at 
the middle and tapers gradually to each end. In colour it is 
green, closely resembling the green of the leaves on which it ■ 

has been feeding. Along the middle of the back runs a faint j 

yellow line, while low down on each side there is a row of ! 

yellow sp(rts. The green body is sprinkled with very fine black 

dots and is covered rather thickly with short blackish hairs, 
each of which grows from a tiny wart-like structure. 

The head of the caterpillar is quite hard and will be seen to 
be made up of several plates fitting tightly together. Rather 
low down on each side of the head arc the eyes. They are 
simple eyes, each consisting of a single lens and there arc six 
of diem on each side of the face, arranged as shown in Fig. 68c. 

The two jaws, with which the caterpillar chews the leaves it 
eats, are situated at the front and bottom of the face and the 
mouth is behind them. The jaws are very strong and have 
jagged edges which make it easier for them to cut leaves. They 
aro most easily seen in the living caterpillar when it is feeding. 

The caterpillar’s antemicc are very small and consist of three 
segments. They are placed, one on each side, under the “chin” 
just below the lowest eyes. 

Underneath the head, in the middle of the lower lip, is the 
opening of the silk glands which all caterpillars possess, but it 
is too small to be easily seen. On each side of this you may 
be able to make out two tiny palps, short finger-like processes 
consisting of three segments and looking not unlike the antenn®. 
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The body of the caterpillar lias thirteen segments, but tlic 
last two arc rather small. The joints between them can best 
be seen from underneath the caterpillar. 

The first three segments constitute the thorax. Each of these 
segments carries a pair of sliort legs, and each leg lias five 
segments and ends in a short curved claw. 

The remaining ten segments make up the abdomen, 01 
these abdominal segments, segments 3,4,5, and 6, carry a pair 
of outgrowths called cushion feet, and segment 10 a piiir of 
similar outgrowths which, however, are culled claspers. Each 
cushion foot is a projection from the body wall and is quite 
different in structure from one of the true legs. The cushion 
feet have no joints and do not end in a claw. Instead they end 
in a fleshy pad which is supplied with two rows of very tiny 
hooks. To see how a caterpillar uses these hooks, you must 
hold it upside down and watch tlie “soles” of the cushion lect 
through a fairly strong hand lens. They are liest seen in large 
caterpillars such as those ol tlie hawk moths (p. 138) • 

The spiracles, or entrances to the lircathing tubes, can easily 
be seen in caterpillars. I'herc is a pair oi s|;)iracles on the first 
segment of the tliorax and on eacli of tlie first eight segments of 
the abdomen. The spiracles arc situated on t lie sides of the seg¬ 
ments, near to the middle, and are oval in sliapc willi a distinct 
rim round them, though tlicy lie more or less flush with the 
rest of the skin. A spiracle is not just an oval hole, however; 
the entrance is guarded by valves, so that all that can be seen 
is a narrow slit in the centre of the oval. ^ 

Hitherto, the caterpillar has done nothing but cat, and hiis 
shown no desire to leave its food plant. However, when it^is 
fully grown its behaviour changes and it descends from its 
food plant to wander away over the surfrice of the ground 
until it comes to some solid structure sucli as a gardeii shed 
or a wall. It climbs up this, often as_ high as five or six feet, 
until it is in a suitable place to enter into the next stage of its 
life history. The Small White caterpillar seems to prefer^ to 
pupate, as this next process is called, under an overhanging 
ledge such as a window-sill or the coping stones of a wall, but, 
if such a site is not available, it will pupate on the vertical face 
of a wall A suitable choice of situation is important to the 
pupa, for it is going to remain there motionlffls and defenceless 
for some weeks—perhaps all winter—and is in great danger of 
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being eaten by birds. Pup^e I have 
observed on the walls of my garden 
have often disappeared, and I have no 
doubt that they have been eaten by 
birds though I liave never actually 
seen this happen. _ 

When a caterpillar has chosen a 
spot, it first weaves a thin carpet of silk 
threads. The silk is produced from the 
opening under its chin already men¬ 
tioned, and the caterpillar moves its 
head from side to side, attaching the 
thread to the support. In this way a 
thin irregular web of silk is laid down 
about I inch long and | inch across. 
When this is complet the caterpillar takes a firm _grip 
of the silk with its hind teet and commences to spin a silken 
girdle to support itself. I'o do this u: bends the head and first 
few segments round towards its ta’ ind Ibes a silken thread tc 
the support near its side. Ti en, by n.. /in, xu, head, it carries 
the thread over its body to the other side a attaches it there. 
This process is repeated a number of times until the silken 
girdle is strong enough to satisfy the caterpillar fFig. 69). 
Supported . tf; silken girdle, the caterpillar is now ready to 
turn into a pupa. 

The first sign of pupation is a general daiKcni' ig in colour. 
Shortly iterwards the caterpillar becomes shorter and fitter, 
and then the sldn splits along the back. By vigorous .ihaKing 
and wriggling, the skin is worked backwards and passes off at 
the hind end, leaving, in place of the original caterpillar, a 
peculiar structure which is at first soft and wet. This is the 
pupa. The pupa hangs head upwards and is supported only 
by the silken girdle and some tiny claws at the hind end. 

The structure ofa pupa is shown in Fig, 70. Its colour varks, 
but is usually some shade of greenish grey speckled with black. 
When it has dried, the pupa is covered with a hard skin, 
through which can be seen many of the structures of the adult 
butterfly. The wings are very prominent, as are the eyes, the 
antenna, the tip of the tongue (which here shows very ive.U 
that it is made of two parts), four of the legs, the palps, aivi 
eight abdominal segments, The spiracles on the abdominal 


Fig, 69 ,—-Pupa 
of Small White 
Butterfly (P, 
rapes) in its 
normal posi¬ 
tion, The pad 
of.silktowhich 
the hind end 
is attached, 
and the sup¬ 
porting silken 
girdle, are 
spun by the 
caterpillar just 
before it casts 
its skin (X2). 



Fig, yo-'-'l’iipa of tlio Small Wliitti Butterlly 
{Pieriis npis) from below {left], and from the, 
aide (n'/'/ti), (Both Xiih) 


segments can also be 
seen easily. They arc 
yellow. Tlic positions 
of all these various 
organs arc .shown in 

Fig. 70. 

If the pupa comes 
from an egg laid in 
spring, there will 

emerge from it, about 
August, an adult 
insect. When this 
occurs, the pupal sldn 
splits along the toji 
surface nciir to the 
front and a jaithcr 
weak looking butter¬ 
fly struggles out. At 
first.it looks ratlier peculiar because tlu,: wings are UKirely small 
stulis. Before they b(.;(;omc wings, as we know them, tliey have 
to be expanded. This the Imttcrlly docs by pumping fluid 
througii the veins .so that the wings gradually expand until they 
are full size. After a short time they become hardened by 
exposure to the air and the butterfly is ready to fly away. The 
whole iiroccss takes an hour or two. Shortly after it comes out 
from the pupa, the buttia’fly gives offlrom tlic anus a drop of 
pinkish fluid. If you rear butterflies and moths, you arc sure to 
notice this, because it dries into quite a conspicuous pink patch. 

Eggs which arc laid in August have a rather clifTcKint history. 
They develop at once into caterpillars, and by the end of 
September or October these turn into pupaj. The pupfc remain 
in this state all winter and do not hatch into l)uttcrflics until 
the warmer days of spring, usually not until May. Eggs laid 
by this brood--the spring brood-will give rise to a new 
generation of butterflies in August--thc summer brood. It has 
( already been mentioned that the summer brood have more 
black upon them than the spring brood (sec p, 12B). 

Dijfmmex Between BuUeiJlies and Moth 

Butterflies and moths are very similar to one another in 
structure but it is usually not difficult to distinguish them. 
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With a few exceptions, moths fly at dusk or during the hours 
of darkness before midnight, while no butterfly is on the 
wing after dark. Indeed, most butterflies will' only fly during 
sunshine, and as soon as the sun goes in they settle. The 
antennie of moths are rarely clubbed at the ends, though often 
they are feathery, especially in the 
males. In general, moths have 

^^odies 

A nil'm of butterflies are more slender and 
/t/'’' / densely covered with scales. 

/ ' / I '' < as mentioned before, when 

'—butterflies are resting, they fold the 

Fig. yi.-Garden Carpet Moth Upright 

drawn to .show how the position SO that it is the undersides 

S “tS. xSif: in 

dead specimen, In life the ^^^st motlis the wmgs are folded flat 
•small portion of the right or tentlike in sucli a manner that 
hind wing here visible would tUp qnjhnpp. vkdhU A 
be concealed beneath the ^ PP, SUUaccS dlt, Visible. A 
fore wing (x 2), Icw moths, c.g., the Carpet Moths 

r,..t 1. 


hind wing here visible would tUp qnjhnpp. .„,p vk-lhU A 
be concealed beneath the ^ PP, ^0 Visible. A 

fore wing (x 2), Icw moths, C.g., the Carpet Moths 

frequently found on palings and 
tree trunks (Fig. 71 ) do not fold their wings at all. These 
points of diflercnce hold for .British butterflies and moths, but 
not for foreign ones. Here they arc in the form of a table. 


.DIFFERENCES BETWEEN BUTTERFLIES AND MOTHS 


BUTTERli’LIES 

(1) AntonniB with a club 

(2) Wings folded above the body 
to show the undersurface 

(3) Fly only during the daytime 

(4) Abdomen usually slender and 
thinly covered with scales 

(5) Pupate above ground 


MOTHS 

( 1 ) Antonnee usually without 
club 

(2) Wings usually folded more 
or less flat over the body 
to show the upper surface 

(3) Fly at dusk or after night¬ 
fall (a few exceptions) 

(4) Abdomen usually stout 
and thickly covered with 
scales 

( 6 ) Pupate below ground, or 
if above ground they 
generally form a cocoon 
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In their adult stage biitterflici! and motlis eat only liquid 
food. Tliis is the nectar found in flowers and it is siiekcd up 
by means of tlic tongue which is uncoiled during tlic act of 
feeding. Butterflies seem to prefer blue flowers, and certain 
species (e.g., the Painted Lady) arc often to be seen drinking 
nectar from tliistlcs. Michaelmas daisies arc also popular witli 
the Small Tortoiseshell Initterflies in autumn. Moths aw; 
especially attracted to certain white or yellowish flowers that 
give off scent strongly in the evening. Examiiles of sucli flowers 
are honeysuckle, night scented stock, and the tobacco plant 
often to be found growing in town gardens. 

Many butterflies seem to be unable to endure the linglish 
winter, and so die out each year. The j)o]iula,tiou of tliesi; 
species is renewed tlic following summer by migration from the 
continent. Tliis is true of the I’aiiUed Lady, th(! (Iloudcd 
Yellow, and possibly for some winters of llmt very common 
insect, the Large Calibage White. Occasional siiccimens of 
the Milkweed Butterfly arrive in England, having travelled 
over 3,000 miles from America. 

Rcarin^^ ^our Own Spmnr 

Many people first bci-wm.! really keen, on Nature Study 
through making a collection of Initterflies and moths. While 
this is a most attractive occupation, there is a very real danger 
that, if too many persons become butterfly collectors, some ol’ 
our rarer and more beautiful insects (c.g., the Purple Emperor, 
Swallow Tail, and Large Blue) may become extinct in, Britain. 

I want to encourage you to maki,; a collection of insects, but, 
as far as rare butterflies arc concerned, it is far licttcr for you 
to rear your own specimens than to collect them with a net, 
If you manage to rear several specimens of a rare insect, 
do not untliinkingiy liberate those specimens that you do not 
require for a (xillcction. If you do, you may interfere with 
research work that is being carried out in comiectiou with the 
distribution of butterflies. In any case, although they 
manage to live and breed and then establish themselves'in 
your area it is by no means certain that they will do so, for 
butterflies, like other living things, have their enemies; and 
there i,s usually some reason why an organism is rare. 

It is not difficult to rear most butterflies and moths, but it is 
not possible here to give you full details of the methods best 
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suited to individual species. If you are interested, there are 
plenty of good books on the rearing of butterflies and moths 
to be had from libraries. 

In any event you will have to obtain either the eggs or the 
caterpillars of the butterflies and moths you wish to rear, and 
find out which plants the caterpillars will eat, for each kind of 
caterpillar will, as a nile, feed upon only one kind of plant, 
or a few at the very most. The caterpilLus can be bought from 
dealers; but it is more exciting, at least in the case of the 
common ones, to find out the food plants of the particular 
species you want and hunt for the eg'gs and caterpillars your¬ 
self. For instance, the food plant of the Small Tortoiseshell and 
Peacock butterflies is the nettle, and a search of these plants 
in summer will rarely fail to supply you with caterpillars of 
one or other of the butterflies. 

When you find an unknown caterpillar feeding on a plant, 
as you often will, place the caterpillar in a box or a 2 lb. jam¬ 
pot with some ifesh foliage, and it should continue feeding. 
Fresh food must be given each day and the old stuff removed, 
as soon as the caterpillar moves off from it. The container 
must not be placed in direct sunlight. Too much damp is 
harmful to caterpillars, so do not allow water to condense 
into large drops on the sides of the jam-pot. 

The droppings of caterpillars are usually very moist and, if 
left in the breeding box, will soon grow mouldy; so they should 
be removed each day. To make this easier it is a help to place 
sawdust, or dry bulb fibre in the bottom. 

When the caterpillars are fully fed and, by ceasing to eat and 
growing shorter, seem as if they are ready to pupate, you must 
make provision for this. 

Many moth caterpillars pupate in the soil. Other caterpillars 
liang suspended from twigs or pupate in the cracks of bark, 
and you will not know which of these things your unknown 
cateipillars will want to do. It is best to provide for all possi¬ 
bilities.^ So place the caterpillars in a jam-pot or large box 
containing about if inches of moist (not wet) soil. Then push 
a few short twigs in the soil and lay a flat piece of bark on top. 
It is also necessary to cover the top of the container with a 
piece of cloth or other suitable material to prevent the escape 
of the caterpillars. 

* e.g. The Outerpilkrs of the British BuUerflies, W. S, Stokoo, (Wamo). 


BIJTTERI'LIF.S ANI.) MOTHS 

You may find that the catiu’pillar burrows in the soil, pupates 
on the bark or_ twigs, or on tlie walls of the container. In any 
case the container should lie taken to a cool slieltcred place, 
for preference out of doors where it is protected from rain. In 
time, blit perliajis riot imtil the next year, tire adult insect 
should appear, but it must be remembered that many butter¬ 
flies and niotlis fiil to hatch from tlicir pupa;, and that failures 
are frequent. 

As caterpillars vary very much in shape, size, and colour, 
and also in the pattern of the ^ 

hairs they carry, i t is imjrossible ^ 

here to attemjrt to describe liie 
manyformsyoiimaysec. How- // 

ever, one group of caterpillars, 
the “loopers”, are quite dis- m rCJ/ JW 
tinctivc b(;cause they have only Ij /// 

oiic pair of cushion leet on the fj) // 

abdomen (on segment 3), in h // 

addition to tlie claspers at: (he [7 j 'f H 
hindend(Fig.72). llieyrnove M | f 

with a curious h(Oiling inove- vA w// 

ment. These caterpillars-- mj'l 

tlicre arc many kinds—liateli 
into rather dull (sdoured moths vciU'l 
of the grouj) known as the 
GeomelridtP (je-o-mct-rid-eiA. T, 

The Word mmins “earth >' 

mcasureis and was given to (''it«.)|.i(.n''3/fci;ilingoiKklcrte^^^^ 

thern because of the Wily in 

which they move abmit—as if tliey are measuring the earth. 

The larvie of insects called sawllies may be mistaken for 
the caterpillars of buttm’flies and moths, which they resemble. 
They can be disliinguished by the greater number of false 
legs (claspers), There is a pair of cushion-feet on the second 
abdominal segment, a phenomenon which is never found in 
the caterpillars of butterflies and moths, Moreover, these legs 
have no hooks on the soles of the feet (.sec p. 131). Finally, saw- 
fly caterpillars have tlie habit of flicking their tails in an angry 
manner when they are disturbed. 

Keep a look out lor tlie following caterpillars, and rear them 
at home: 
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The Small Tortoiseshell Butterfly. The caterpillars 
are found on nettles. They are yellowish with dark specks and 
short hairs. There is a black line running along the centre of 
the back and a broad blackish stripe along each side. The 
body is fairly densely covered with spines which are yellowish 
with black tips. The black head is speckled with yellow and 
is hairy. 

Peacock Butterfly. These caterpillars arc also found on 
nettles. The young caterpillars are greenish, but, as they grow 
older, they become velvety black and sprinkled with white 
specks. The spines are glossy black (Fig. lyofl). 

FIawIc Moth Caterpillars. The caterpillars of hawk moths 
grow very large. Most of them can be recognised by a curious 


L - 



Abdominal Segments 

Fig. 73.-~A!jovc: immature Poplar H;iwk Moth catorpillar. 

Below; pupa of Small Elephant Hawk Moth—a dead 
specimen with the abdominal segments somewhat extended 
(Xli). 

curved spine carried on the top surface at the hind end of the 
body. Several of the hawk moth caterpillars have a series of 
oblique stripes across the body (Fig. 73). Privet Hawk, Eyed 
Hawk (which feeds on apples). Lime Hawk, and Poplar Hawk 
are all fairly common in many towns. In addition to these, at 
Beckenham in the Greater London area, I have caught a 
Death’s Plead Hawk Moth and a Silver-striped Hawk Moth. 

If you intend to preserve specimens of moths and butterflies, ' 
it is usual to set them as shown in Fig. 74. The insect must 
first be pinned through the middle of the thorax with a special 
insect pin. Ordinary pins are too thick. The pin is then pushed 
into the centre of the groove in a suitable setting board (see 
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Fig. 74.—Ir/L’ HottiiiK lioiird with two fiut iuKCct.s (see ulso Fig, 4). Taj) finlft: 
method of Kupporliiig an mseet's .ihdomeii with two piirs, JMlom nfjtt; an 
insect store box. Note the camphor cell built irito the centre of ttie 
bottom part. 

p. 8) and the wings of the insect spread out sideway.s, so that 
the hind margins of the front wings are at right tingle,s ti) the 
body. The hind wings arc arranged so that their front edges 
lie just under the hind edges of tire front wings. The wing,s an; 
held in position Iry strips of cardboard lastcncd with pins. It 
is not always ea.sy to bring the wings into position without 
rubbing off the scales, but it is possible to move the wings by 
pushing them near the base with the Hunt aid of a darning 
needle. The needle should push against one of the bigger 
veins. 
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In summer the specimens will dry on the setting board in 
about four days. They must then be transferred to a box which 
will have to be lined with cork sheet (e.g., an old table mat). 
Special cork lined boxes called store boxes can be purchased 

(Fig. 74). 




CHAPTER FOURTEEN 



'^FIERE arc more than 3,000 different species of beetles in 
A Britain, and they range in size from the; large Stag Beetle 
(af inches long) to tiny creatures no bigger than one of the 
full stops in this lx)ok. 

Although there are so many different kinds, it is not as a 
rule difficult to recognise a beetle. Beetles have two pairs of 
wings, but those of the first pair are hardened into plates called 
elytra (cl-it-ra). These plates fit over the abdomen and com¬ 
pletely cover the second pair, which liavc the normal insect 
wing structure (i.e., they consist of sheets of raemlrranc 
strengthened with veins). Otlrcr insecl:s Iresides beetles have 
the front wings hardened; !)iit in beetles the two elytra meet 
edge to edge in the mid-line of the body, so that the join 
between them runs down the centre line of tlw; insect (Fig. 75). 



Fig. 75.-~A typical beetle (cnlaj-ged), 
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In some beetles the second pair of wings is very small or 
may even be absent, as in the Bloody Nose beetle. In most 
beetles the elytra reach back from the thorax almost or quite 
to the tip of the abdomen, so that there is nothing of the 
abdomen (or at most the tip) to be seen when the nisect is 
viewed from above. 

There is one group of beetles, the Brachdjira (brak«cl-it-tra) 
or Short Elytra group, in which the elytra are so short that 
several abdominal segments are exposed to view (Fig. yy). 
These beetles look something like Earwigs, but of course do 
not have a pair of pincers at the tail end. 


Ground Beetles 


It will be more uscliil to give you an acGount of beetles in 
general rather than to describe in detail any one particular 
species. The black beetles you find so frequently running across 
the garden path, or on pavements near waste ground in towns, 
will serve excellently for you to distinguish the main featurc.s 
of beetle structure. These beetles belong to a group known as 
the Ground Beetles (Fig. y 5 ). 

The body of a beetle is distinctly divided into head, thorax, 
and abdomen; but a peculiarity of beetle structure is the way 
in which the various plates of chitin fit closely together. Certain 
beetles are probably the most securely “armour-plated” of all 
insects. 


On the head of every ground beetle will be found a pair 



(a) (b) (c) (d) 


Fig. yfl.-^Some types of beetle 
antemvG. (a) siiw-lilce antenna 
characteristic of Click Betties; 
(ft) clubbed antenna of Ladybird 
Beetle; (c) lamellicorn antenna (of 
Small Stag Beetle): (d) antenna 
•with a scape (long first segment), 
as possessed by most weevils. (All, 
enlarged.) 


of thread-like antemne consist¬ 
ing of eleven segments. The 
antenme of other beetles vary 
somewhat (Fig. y6). At the 
sides ol: the mouth is a pair of 
strong biting jaws which arc 
often provided with sharp tooth¬ 
like points. If a specimen lias 
its jaws closed, they can easily 
be forced open with a pin. 
Behind these jaws are other jaws, 
and amongst them you will have 
no difficulty in seeing the palps, 
which look like small antennaj 
of two or three segments. 
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The large compound eyes arc placed just bcliind the an¬ 
tenna;. They vary .s()m(,:wliat i,n sliaiie in diflerent beetles 
but arc always present. I’liere is no sign of any .simple eyes. 

There is notliing special to lie said aliout the thorax, except 
that while the front part bearing the first pair of legs is freely 
movable, the jiart liearing the seiamd and tliii'd jiairs of legs 
is firmly joined to the alidomeii and not movable. 

The legs are quite typical insect legs. They are long and 
slender, a shape lliat makes it easy liir tliese beetles to move 
actively over the ground. The l(,:et (or tarsi) have live seg¬ 
ments (but may liave fewer in other kinds of lieetles) and tin; 
last segment Iiears a pair of curved claws. In other lieetles 
the legs may be f iltered in vai’ious w;iy.s l:o serve s pecial pur¬ 
poses, such as digging or swiniming. 

The wings have already been mentioned. During flight the 
hard elytra are held out at: an. angle from the liody ratlier like 
the wings of a glider. TJiey remain motionless lint leavi.; room 
for the hind wings to viliratc up and down, After flight, the 
hind wings are drawn back out of sight under tin; elytra, a 
process you should be* able to oli,serve fairly easily in Jaidy Bird 
beetles on a simiiy day wlien tlicse lly frwdy. 

The elytra may 1 h; variously i:oloured. Metallic green, 
yellow, Iiroiizc, and [nirple tints an,; all quiti,; (,:(:imin()n, ;is :ire 
.shades of bright red, though perhaps black is tlie most usual 
colour. In addition to lieiiig coloured, l:he elytra usually sliow 
various markings, generally in tlic form of ridges or rows of 
raised dots, some;times with depressions or dents. Tliere may 
also be rows of shallow ])its or ot her markingsron tlu; thorax. 
The markhigs arc usually dillereut in dilforent species and are 
a help in identifying .sp(;(;imens, but that is a Ittsk beyond us 
here. 

Beetles are often clothed in short l:)ristk;-like Iniirs wliidi 
sometimes give the insect.s an orange or reddish y(;llow ;),ppear- 
ance. Sometimes these liairs mn so sh(,)rt that tliey are visililc 
only through a strong liand lens. 

The abdomen can normally be seen only from Ijencatli. It 
will usually lx; found to have five or six segments, which dt.) 
not move much on oiie another, 
j Beetles lay eggs more or less ovtil in shape, and from them, 
in due time, hatch the beeth; larva*. These have a hard head 
and a rather .soft body, arc nsually white in colour, and have 
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a few rather long hairs on the body. As a rule there are legs 
present on the first three segments of the body (the thorax) 
and the head has a number of simple eyes. The easiest beetle 
larv£E to obtain are those of Lady Birds. In sumrnerj they are 
to be found in fair numbers on rose trees that are attacked by 
green-fly (see p. 161). Other beetle larvae can be obtained from 
rotten wood, or from the caps of such fungi as mushrooms and 
bracket fungi, which will often be found to be riddled with 
small holes made by the beetle larvas boring their way about. 
If you find a fungus whose cap is full of “maggots”, keep it in 
a jam-pot with a muslin cover. Generally you will find a 
number of beetles in the pot after a few weeks. If the fungus 
is very sloppy, place a few balls of screwed-up newspaper in 
the pot. 


Some Distinctm Groups of Beetles 

The beetles form an order of the insect class called the Cole- 
optera (ko-le-op-ter-a). British beetles arc divided into many 
smaller groups, but it is quite impossible in the limits of this 
book to give you a key to the name of each particular species 
of beetle that you may catch. A few of the groups arc very 
distinctive and Twill give you their principal characteristics, 
so that you will be able to recognise some at least of the main 
groups. 

The Ground Beetles have already been described, but here 
are their main characters again. They are active, running 
beetles with long slender legs and each foot (tarsus) has five 
segments. They have threadlike antennae of eleven segments, 
and conspicuous palps, They are frec^uently found under 
stones and among moss. Belonging to tins group is the Green 
Tiger Beetle which is frequent on the sandy heaths of the 
south of England, and the Violet Ground Beetle (Plate IV), 
which may be found running about or in holes in rotten 
tree stumps that have become filled with leaf mould and 
decaying wood. 

The Bragfielytra; In these beetles the elytra arc vety short 
so that several of the abdominal segments at the hind end are 
left uncovered. These uncovered segments form a sort of tail 
which is quite soft and flexible in some beetles, and can be 
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curled over the back. The Devil’s Coach Horse (Fig. 77) is 
one of the largest and is not uncommon. It is a dull black, 
and. has the habit, when alarmed, of opening its jaws and 
raising the tail over its back in a threatening manner. Many 
of the smaller Brachelytra are black but have the elytra coloured 
red. These bettles fly about freely on hot days. Several species 
are commonly found under dead birds and other animals left 
lying about in the open, and others in dung. 

Many of the Brachelytra are to be found as guests in ants’ 
nests. To find these, you must dig up ants’ nests with a spade 
and throw them on to a white sheet or piece of paper. You 
will then easily see any beetles present by their active move¬ 
ments. 

Weevils: These form a large group of beetles. The majority 
ol the members, though for the most part rather small, are 



Pig. 77, — Left: a chanictcri,‘;itic weevil, OHorrhinus suk<tlu,’i, a frequent garden 
|)c.st (X2i'). Right: a brachelytra boctle, Staphvlmm o/cMs (Devil',s Coach 
Horse), xi. 

j "/ . ; " / 

easily recognised because the head is drawn out into a rather 
/ long and usually slender beak or snout (Fig. 77). The antenna 
arejnear the end of the snout, and usually terminate in a 
distinct club. They also have a long first segment which 
creates a^sharp elbow where it is attached to the other seg¬ 
ments (Fig. fU). 

Weevils live by sucking plant juices. Their mouth and mouth 
parts arc placed at the end of the long snout. The maggots 
frequently found in peas and in acorns are the maggots of 
weevils. 
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Lamellicorns (la-mel-e-korns): These beetles can be dis¬ 
tinguished from others because the end few segments of their 
feelers have the form of flat plates which are joined together 
somewhat like the pages of a book. These plates can open and 
shut. The tarsi of Lamdlicorns have each five segments. 

The Stag Beetle, our largest British beetle, is a lamcllicorn. 
In the south of England it is quite common during summer. 
The males have enormous mandibles which are capable 
of giving your finger quite a painful nip). In the females 
the mandibles are much smaller but can give an even more 
unpleasant nip than those of the males. Stag Beetles occur 
at many places all over England, even in the suburbs of 
London where they are abundant in some years. When they 
fly, as they do at dusk, they are rather terriflying, but they are 
easily knocked down with the hand. 

Many of the Dung Beetles which are responsible for some 
of the round holes found on patches of cow-dung also belong 
to this group (Plate IV). Their legs are strong, with tooth-like 
spines that assist them to dig holes in the ground. Among 
the largest of this group are the Dor Beetles which fly at dusk 
with a heavy droning flight. There are several species and 
they are all black, thougli some have a metallic blue sheen, 
especially underneath. One, the Lousy Dor, is usually covcrecl 
with a number of tiny pinkish grey mites that run actively over 
its body or cling on tightly especially below its neck. These 
mites are parasites that puncture the skin of the beetle and suck 
its juices. Similar mites are found on other beetles (c.g., the 
Sexton Beetles) and on some of the humble bees. 

Three-Horned Dor Beetles are found on sandy commons 
where rabbits abound. They are smaller than the other Dor 
beetles and the male has three prominent spines sticking out 
forwards from the front end of the thorax, though the spines 
are absent from the females. These beetles dig holes in the 
sandy ground down which they push rabbit droppings where¬ 
on they lay their eggs. When the larvse hatch, they use 
the dung as food. The adult beetles also feed on rabbit 
droppings. 

Sexton Beetles ; These are fairly large beetles, over half an 
inch long and quite sturdy. Their elytra are cut oflf square at 
the tail end and do not completely cover the abdomen. The 
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exposed abdominal segments bend downwards and the tip of 
the tail so formed is rather sharply pointed. The general shape 
is the same for all species of this genus Nemphorus (nc-krof-or- 
us), and is given in Fig. 78. The antenna; have ten segments, 
of which the hast four form a distinct club. The head is quite 
large and is freely movable on the thorax. 

The Sexton beetles get their name from the habit tlicy have 
of burying dead animals and birds. If you find a dead bird 
and lift it up, it is very likely that you will discover one or more 
of these beetles at work. When a Sexton beetle finds a dead 
creature, it gets underneath it and scoops away the soil with 
its powerful legs, so that 


78,—.(rt) Sexton 


phorua investiuator), ; 
liiiul leg of N. vespUlOi 


gradually the corpse sinks , 

into the ground anchs soon /1 V / 

covered completely with soil, r ' \ 'v--/, / 

The female Sexton beetle \ 
then lays its eggs on the / /~' p: 

corpse which serves as food L\/,\ 

for the larvae when they hatch. ^ I ^ 1 ■ 

These beetles are common f' I j \ 

even in large towns. I found I I ’ J i;)' j v\ 

two in June under a dead '''{‘■y r 

starling on a bombed site in 
the centre of Coventry. If ^ ^ 

you can get hold of a dead Sexton Beetle {Nmv- 

i * t ° „ phorm investmtor), X2. (b) eft 

bird, or mouse, or a lowFs iiind leg of N. vospiilo, X2. 
head, leave it in the garden 

in a shady place. Protect it from cats with a piece of wire 
netting pd examine it every day. Yon should get some Sexton 
beetles in this way, and in any event you will get some of the 
Carrion Beetles, and those Bmchdylra that feed on dead animals 
though they do not bury them. 

Although Sexton beetles arc most easily found under dead 
animals, they can fly very well and arc occasionally met witii 
elsewhere. There are seven species in the genus but two are 
rare and only two really common. The other three are local, 
i.e., found only at particular places, 

The following key should enable you to identity any Sexton 
Beetle you may find. First check the charac;ters to make sure 
that you have a Sexton Beetle. Compare your specimen with 
Fig. 78. (A Black Sexton Beetle is shown on Plate IV}. 





KEY TO THE SEXTON BEETLES 
Gonus Neoroiiliorua 


(Elytra all black Nccn>phonia humator 

1 Elytra not all black, having reddish brown or • 
i yellowish marks 2 

j 

The tibia of the hind legs very curved so that the j 

0 insect appears bo w-loggorl (t’ig. 7 ) when viewed 

from behind. Elytra parallel-sided N. vespillo : 

. Hind legs straight ;{ j 


(J /Antennaa, including the clubs, all black 
^ iClubs of antennae reddish yellow 


N. vespilloidea 
4 


i /Thorax with yellow hairs on it near all its margins N, vestigator j 
*lThorax without haii's 5 1 


’ The yellow bands across the elytra both inter¬ 
rupted at the mid-lino by black; tail with a 
. fringe of grey hairs 

” The yellow bands on the elytra (or at least the 
front one) not interrupted at the mid-lino; tail 
with a fringe of golden brown hairs 


N. inimuptwi j 
N, investigator 


Pronunciation: 

N. Imiator 
N. vespillo 
N. vespilloides 


(hu-may-tor) 

(ves-pil-lo) 

(ves-pil-loyd-eez) 


N.inteiruptua (m-ter-rupt-us) 

N, irwestigator (in-ves-te-gate-or) 


The Click Beetles arc interesting because of the way they I 
have of righting themselves when they fall on their backs. ' 
The head and front part of the thorax is suddenly jerked back¬ 
wards against the rest of the body and then the insect leaps 
into the air where it turns a somersault to land the right way 
up. This process is accompanied by a sharp click—hence the | 
name. | 

IVhen these beetles are alarmed, they draw their legs closely 
against the body. As the body is long and rather cigar-shaped, ’ 
a Click Beetle is difficult to pick up, tending to slip out of one’s i 


PI.ATE V 



Stages in tbo life (iyelc of (Ik,' {,!Ii(k .lii'ctln {Aijntili'a olmiarns). (I) I'lggs in Ibo 
soil. From tbcHo iiatoh tlii) wii'owonns (2) wliicli live in tlui soil for roiii'or liyo 
years. At the oiul of that tilin' they irmko an oartlien oi,ill lunl iiii]iiito m it in 
the autumn (S). T’lie adult Lliolc Heetlo (1) omni'gos (roin the pupa in Sop- 
tomber, but roiruiins in tlie (;oll until the following spring, TTin iniuit booties 
usually die beforo the following antninn. ('I'hroiKjli the (•Miiiii'nii tif Prnjmsor 
H.W'. Miles.) 

(1) {'!) soiiiewhnt enlnegeil: (S) mid (’I) '21 
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■ The general shape of all Click ]:!ectl(;s is the same (Plate V). 
The thorax is always drawn out into sliarj.) angles at the back 
corners, and the antennaj are saw-likt;. On tlic underneath of 
the front part of the thorax is a backward pointing peg which 
fits into a groove. It is this peg tliat makes tlie clicking sound 
mentioned above. 

The members of one group of the Click Beetles lay their eggs 
in the soil. The larvaj hatch out and feed on the roots of plants 
such as grass and wheat, doing much damage. These larvai are 
the wire-worms, pests well known to farmers. They are about 
as thick as the lead in a pencil and, when fully grown, more than 
half an inch long. The body is golden yellow in colour and 
very tough (Plate V). The wireworms live ibr four or five years 
in the soil before they pupate and finally turn into adult beetles. 
The beetles are very common on grassland tlnat has been long 
undisturbed. 


Longigorns: The Longicorn (lon-jc-koi’ii) beelles are most 
easily recognised by the general shape of iIk^ body, which is 
slender (Fig. 172), and the long threadlike antennai may Itc as 
long as, or longer than, the body. There are ollu'r beetles 
that have a similar .shape and long threadlike antcmicX*, but 
in those the body and elytra arc ratlier soft, whereas in Longi- 
corns the elytra and body are cpiite liard, often remarkably so. 
In addition, Longicorns’ feet each have four segments. 

One Longicorn that is quite distinct is Qyius aruiis (kli-tus 
ayr-e-eetis). This is a slender beetle that at first suggests a 
wasp (Plate VII). It is black but the elytra have two vivid yellow 
bands. It flies freely on, sunny days and is fairly widespread. 

^Longicorns are best sought for in woods, and some may be 
discovered by splitting open old tree stumps with a chisel. The 
individual beetles are usually fairly large, but there are not a 
great many different species. 


Beetles Living in Water 

In fresh water numerous beetles are to be found, l)iit they 
do not all belong to the same classifioatory group. However, 
provided tliis is fully appreciated, it seems best to treat: the 
water beetles as a unit, since water does form a quite dcfmiu; 
habitat and such beetles are in some ways markedly different 
in structure and behaviour from those living on land. 
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On the surhice of fresh water you may 
I come across a colony of Whirligig Beetles 
I whose members are constantly moving 
along their labyrinthine courses on the sur¬ 
face film (Fig. 79). The small beetles row 
themselves along with the second and third 
I pairs of legs, which are quite short and 
serve as paddles. The beetles are black, but 
so highly polished that they appear white 
* in bright sunshine. They feed on insects 
which, having fallen into the water, become 
trapped in the surface film. If alarmed. 
Fig. 79.-Whiriigig beetles immediately dive below 

Beetle [Gynms the Surface. Their eyes are interesting 
spp-), Note because they are divided into two parts, so 
modified to^fonn appears to be four compound 

paddles. eyes in all. The top part of each eye is 

said to be used for seeing in air while 
the bottom part is employed for underwater vision. 

Other water beetles live mainly below the surface, thoiigli 
usually they are capable of coming on to land and flying some 
distance to fresh patches of water. They are, in general, rather 
oval in outline and more or less stream-lined, or at least the 
head, thorax, and abdomen all fit snugly into one another 
leaving no projecting parts (Fig. 80). This, no doubt, helps 
to cut down the drag offered by 
the water to the movements of the \ / , 

beetles. _ j, \ ^ / 

Most water beetles come to the fm^ 
surface at frequent intervals for air. ■'9^" 

The air is trapped under the elytra ^ 
and finds its way from there into the f | | A 

breathing tubes., The respiratory Iv. ° 

behaviour can easily be watched by V ® 

keeping water beetles insmall aquaria \ / 1 

or jam-pots. Since most water beetles \ f 

are carnivorous it is unsafe to place ^ , „ ,, , . 

the bigger ones in aquaria containing Dwing 
other small water animals. wgiMfc), female, xi: (i) 

The hind legs of most water Je suejeer developed from 
beetles are «d as paddte, and 
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so look rather dilfcrent Ifom normal beetles’ ^1. 
legs. In some species of water beetles the 
front legs of the males have suckers which are ' 

used to hold the females during mating. This 
is so in the large water beetle usually called 
the Great Diving .Beetle, Dytiscus marginalis 
(di-tisk-us mahij-in-aye-lls) (Fig. 80).''This 
common beetle is about i| inches long. The / \ 

general colour is a pitchy brown varying to " 

a greenish black, but the sides of the elytra 
and thorax are yellowish brown. The fcma.Ics Q 
usually have ten or eleven grooves on each VI 
elytron, whereas those of the males are quite 
smooth. In addition, the males have the M 

large suckers on the front feet that were k 

mentioned above. Sometimes you will come 
across Dytiscus beetles which have smooth SL—Larva 
elytra (suggesting that they are m,ales) but no 
signs of the suckers. Actually these specimens 
are females that for some reason have failed to develop tlie 
grooves on the elytra. 

The larva; of the Diving beetles are fierce (Fig. 81). They live 
crawling about on the floor of the pond where"they dwell, but, 
when they are mature, come out of the pond and dig a hole 
in the bank nearby. In this hole they pupate and ultimately turn 
into adult beetles, the whole process taking aliout three weeks. 

If you catch a Dytiscus larva when hunting in a pond with 
a water net, you can keep it alive in water by feeding it on 



Fig. 82.—Arrangeraeat of aa aquarium for rearing 
Great Diving Beetles. 
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I ' ^ maggots or small pieces of meat. The best way is to tic a small 

J piece of meat on to a piece of cotton and drag the meat in 

li -n , front of the larva which, if hungry, will readily attack it. Any 

fr . ; meat which is not eaten must be removed after a day or it 

i I'i will cause the water to become foul. Fig. 82 shows how to 

J j- ‘f ‘ arrange an aquarium if you wish to rear adult beetles from 

I larvae. The soil is for the larva; to pupate in. 

'' 1 ^ How to Collect Beetles 

,i' i '. Beetles are an easy and satisfying group to collect. You will 

' come across many specimens at rest on flowers, running actively 

-;!'' on the ground, or flying, when they may be taken with a butter- 

t :; fly net. Others may be obtained by sweeping long grass and 

< 'j ' similar tall vegetation with a sweep net (see p. 8) especially 

, ;,;'' during May and June. Under the loose bark of old tree trunks, 

'. ; ' ; in manure, on flower blossoms, in moss, on the fruiting bodies 

' ' of fungi, and in sand pits, are other favouri te habitats of certain 

ii, , :' species, while many others may be obtained by shaking or 

■ beating the leafy branches of trees and shrubs over a wliite 

■ sheet. 

ii ' Beetles can be killed in a laurel leaf bottle or by being 

' ^ . dropped into a little boiling water in a tin lid or egg cup. After 

,j! '' they are dead, it is usual to set them so as to display the legs 

' 1 , and antennffi before they dry out and become stiff. Fig. 75 

! U ’ shows a set beetle. The legs and antennae are spread out widi 

I i j a brush or needle and kept in position on a cork mat with pins. 

I ^ < ' Large beetles may take five or six days to become stiff. Before 

' :' i ; being set, these larger beetles are usually impaled on insect 

j \ I ' pins, which are passed through the right elytron just behind 

; I ■' the shoulder. 

11. *' Smaller beetles are usually.set on white cardboard by the 

I' I , i use of gum tragacanth. This is obtained from the chemist as 

'1! . ' ' a white powder. When a little is added to a drop of water, it 

JI ^ swells toTom a clear stiff gum, though this may take some 

! Ij 5 time. When the gum dries on the white card it becomes in* 

j,; ; visible. As before, the beetle’s legs and antenna; are spread 

M ;■ out, being held in position by the gum. 



The Order of Two-Winged Insects 

(diptera) 

TF you catch one of those clumsy insec ts we call Daddy Long 
■^Legs (Fig. 83) and examine it, you will see that it has only 
one pair of wings. Attached to the thorax, where we should 
expect to find the second pair of wings, is a pair of club-shaped 
structures called “balancers” (Fig. 83). Each balancer is 
rather like a short pin with an oval head and is quite unlike 
a wing. But there is good reason to believe that each balancer 
docs in fact represent a wing. You will find that house flies 
and blue bottles also have each only one pair of wings, and 
possc.Ss these peculiar balancers in place of the hind wings. 

All these insects which have but one pair of wings and have 
balancers in place of the hind pair of wings are called Diptera 



Fig. 83.—(a) adult female Daddy Long Legs, Xi; 
(b) enlarged view of tie Lead,, X4; (c) wing, to show 
vein pattern, xih 
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(dip-ter-a). The name is made up from two Greek Words—Di 
meaning two, and Pteron meaning a wing. 

If you catch a blue bottle and, holding it by one wing, look 
at the balancer of the opposite side through a hand lens, you 
may see the balancer from time to time start vibrating up and 
down with a very rapid motion as the insect tries to fly. It is 
thought that this vibrating motion takes place while the insect 
actually is flying, and that it helps to keep the insect stable in 
the air. Probably it is harder for an insect with two wings to 
fly, than it is for an insect with four wings. 

There is nothing else very different from the normal insect 
pattern in the structure of a Daddy Long Legs. The draw¬ 
ings in Fig. 83 will show you the main features. The female 
Daddy Long Legs can be distinguished ffom the male by the 
shape of the abdomen. In the females it is blunt and more or 
less swollen at the tip, whereas in males it tapers to a fine point 
and is longer in comparison. The females lay their eggs in 
grass and these hatch into larvae called leatherjackets which 
often do considerable damage to turf. 

The life cycle of the Daddy Long Legs is difficult to follow 
with the facilities one normally possesses at home. In the 
Mosquitoes (another group of insects belonging to tlie Diptera 
order) the life cycle is much easier to observe, and in some 
ways it is more interesting because the early stages arc passed 
in water. 

The Mosquito 

The general structure of a mosquito is shown in Fig. and 
the details of the wing pattern in Fig. 84^. Under a hand lens, 
the veins of the wings will be seen to be covered with scales, and 
there is a distinct fringe of scales along the hind edges of the 
wings. Another characteristic of mosquitoes is the long pro¬ 
boscis (or snout) that sticks out fi’om the hoiu of the'head. 
Inside this snout, in females, are sharp piercing mouthparts 
that enable these insects to pierce skin and suck blood. Only 
the females suck blood. 

The males can easily be distinguished from tlie females 
because they have feathery antennis, whereas the antenna of 
females appear threadlike to the naked eye, though under the 
hand lens they will be seen to bear a number of very fine and 
quite long hairs. 
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The species I have drawn is the Common Gnat, Culex pipiens 
(kew-leks pi-pee-ens), and it is one of the most abundant. It 
is quite easy to rear it and to see all the stages in its life history. 
The specimens from which the drawings were made were all 
reared indoors in jam-pots, during the month of June. 

The eggs of Cukx pipiens are laid in almost any pool of 



fiG. 84,~-(ff) adult female of the Commou Guat (Cukx 
pipim), in its normal posture with the body parallel 
to the surface upon which it is standing; (6) male 
Common Gnat hatching from the pupa which floats at the 
surface of the water; (c) wing, to show the vein pattern; note 
that the veins are fringed with scales. [ (a) and (b) X 4; 

(c) X6.] 

Stagnant water, which contains rotting material such as leaves 
to supply food lor the tiny creatures on which the mosquito 
larvae feed. The female Cukx lays a number of eggs at one 
time. The eggs are cemented together to form a raft which 
floats on the surface. Rainwater barrels and cisterns, if 
exposed freely to the air, are favourite places, bu't you might 
try leaving in a shady place three or four jam-pots full of water 
shaken up with a little manure or garden soil. Mosquitoes will 
probably lay eggs in them during the summer months. Sooner 
or later, at a period dependent on the temperature, the eggs 
hatch and the young larvie emerge from the end of the egg 
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which floats beneath the water. The larvffi live entirely under 
water but at intervals come to the surface to breathe. The 
structure of a Culex pipiens larva is shown in Fig. Sfjd, The 
abdomen consists of nine segments, the breathing tube being 
situated on segment eight. When the larva wishes to renew its 
supply of air, it wriggles its way to the surface, pushc.s the 
breathing tube through the surface film, and hangs motionless. 



Fig. 85,—'(a) lam of the Common Gnat, Cukx pipim, xO; {h) ami (cl two 
views of the pupa suspended from the surface film of thy water in which it is 
dwelling,, X 5- 


After a time it breaks away again and lashes its way to the 
bottom. Irlere it may be seen cruising around, its jaws working 
vigorously. In the drawing (Fig. 85^) two little black balls 
are shown. These are pellets of waste matter that have come 
from the end of the food canal which opens on the last segment. 
The food canal, with dark food material in it, can be clearly 
seen through the skin of the larva, and, if you watch a lam 
for a few minutes through a hand lens, you are almost sure to 
see the waste pellets passed out from the body through the anus. 
To observe the larvse of Cukx through a hand lens I have 
found it best to place one or two in a small glass tube (c.g., an 
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aspirin tube) with an inch or so of the water in which they were 
previously living. 

The larva: grow rapidly, and, to make increase in size 
possible, they have to cast tlicir skins, as do all animals whose 
skeletons form a complete case around the body. They moult 
three times, then they turn into pupa;. The pupse of Culex are 
curious little creatures that float just below the water surface, 
but, if disturbed, they can wriggle into the depths in a fussy 
manner. They consist of an ungainly portion at the front 
which is made up of the head and thorax, and behind this the 
abdomen which is curled round as shown in Fig. 85A The 
single breathing tube of the larva has disappeared, but in its 
place two new breathing tubes have been developed (Fig. 851:). 
These pierce the water smface and allow air to pass into the 
pupa. The pupa no longer feeds, so the active jaws are 
missing. 

It is not easy to distinguish the detailed structure of the pupa 
with a hand lens as the pupa is rather dark; but the eyes can 
be seen, together with indications of the wings. After a few 
days, the actual time depending on the temperature, the pupa 
splits along the dorsal side and the adult insect pushes its way 
out (Fig. 84^). The empty pupal skin floats at the surface 
and acts as a raft on which the mosquito can stand until its 
tissues are sufficiently hardened to enable it to fly offi 

If you obtain some eggs or larvic, they can be reared into 
adults quite easily in a jam-pot of water with a piece of cloth 
over the top, and you will be able to see all the stages. The 
live adults are best examined in a corked glass tube since they 
are rather too delicate to withstand handling. 

You will know that certain mosquitoes infect human beings 
with the germs of malarial fever. Another land carry the 
germs of yellow fever which they can transmit to humans. In 
regions where these two diseases are common, a good method 
of preventing their spread is to stop mosquitoes from breeding. 
This can be done by draining away as much standing water 
as possible, or, in such stretches as cannot be drained, by killing 
the larvse. If a pool containing mosquito larva; is sprayed with 
crude paraffin, the oil forms a thin film over the surface and 
enters the breathing tubes of the larva;. I suggest you take a 
small tube full of water and place a few larvae and pupa; in it. 
Then try the effect of adding a few drops of paraffin oil to the 
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surface. At the same time prepare another similar tube, with¬ 
out adding any oil. Any difference in the length of life of the 
pupte and larva; in the two tubes must then be due to the oil. 

The species of mosquito that carry malarial gemis belong 
to the genus Anopheles (an-oil-cl-ecz). There arc four species 
present in the British Isles. TTic adult insects of the Anopheles 
genus can be distingnislied from the non-malarial carrying 
mosquitoes by the way they stand, for the body is held pointing 

away Irom llic surface 
/ on which the insects 

arc resting (Fig. 86). 
Thclarvic caiibedistin- 
A/'I's/^^^f / guished by the absence 

1hibe on 
segment 8, and by the 
I'act that thewholclarva 

,,, suiTacc. log. 86 should 

points clear. 

nci. cliaBram ot II,. f'"' f rat 

Anopheks, .stmuling in its normal postiirn. and detm’miiu; whether 

Below: cliagr.mn ol' tins Anoplwh'S larva, IxTojig m the 

wliidi liangii sirsponikid parullcl to lJi(! ’ ,/ ■ i .. 

Biu'facti film, maliUKil-canyinggioup 

or not. Do tire same 
for any larvte you find. Incidentally, good places to search 
for mosquito larva; during the later .summer months arc the 
“rot holes” which occur in tree.s where branches have decayed 
away. These often contain a mass of sodden wood and 
decaying leaves, and irequently a consklcrabh! amount of 
water. A tablespoon lashed to a stick will enable you to 
extract the contents from the .smaller holes, 

The key below will help you to distinguish between the four 
species of Anopheks that occur in Britain. First make .sure that 
your specimen belong to this genus by olxscrving the way it 
stand.s (Fig. 86). It should have no scales on tlie abdomen— 
the other group, the Gulicines (kew-lis-cens) have the abdomen 
densely covered with scales. The females can lie distinguished 
from the males by the antenna;. The males have bushy 
antenna;, whereas the antcniiic of the females have only a few 
thin hairs. 
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KEY TO THE BRITISH ANOPHELES 

[ Insect with a tuft of white scales at the front of the 
1 1 forehead 2 

I Insect without a white tuft (very rare) Anopheks algariensis 

./Insect with small dark spots on the wings A. maculipennis 
'‘llnseot without small dark spots on the wings 3 

Insect brown; tuft at front of head dirty white A. clmiger 
3 ■ Insect blackish, with often a lighter stripe down 

the back; tuft of scale on front of head pure white A . plumbeus 

Pronunciation: 

A, algariensis (al-jay-re-on-sis) 

A. maculipennis (mak-y 0 wl-e-pen-ni.s) 

A. claviger (klav-ij-er) 

A. plumbeus (plum-bee-us) 

In addition to mosquitoes, hou,se flies, and blow flies, there 
arc numerous other kinds of insects that have only one pair 
of wings and so belong to the Dipfera. 

The brightly striped hover flies, that on sunny days hang 
poised motionless in the air over our garden flowers, suddenly 
to dart about with great rapidity, are interesting because so 
many townsfolk mistake them for wasps or bees. They are 
quite harmless to humans. 
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CHAPTER SIXTEEN 


Plant Lice and Bugs 

n"'HE Hemiplem (he-mip-lcr-a) forms an order of the insect 
^ class which is made up of a variety of forms. It includes 
the plant lice (the green and black flics whicli arc such pests 
to gardeners), bed bugs, frog-hoppers (whose larv<e make the 
familiar cuckoo-spit on flowers), ptond-skaters, water-scorpions, 
water-boatmen, and a considerable rmmlrer of other forms. 
These are all alike in having the month, drawn out into a kind 
of beak which is of use only for piercing the skins of plants or 
animals and sucking their juices, When not in use, this beak 
is folded back, underneath tlic body (Fig. 87^). 

Members of the Hemipkra have two pairs of wings whose 
nature can be used to divide the group into two smaller groups, 
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the liomopkm (hom-op-tcr~a) in which tlie lore and hind wings 
are very’ similar, and the IMmplm (het-tcr-op-ter-a) whose 
members possess markedly dissimilar lore and hind wings. 

Hemiptera Hompkra: Gimi and Black Flies 
The Homopim include the familiar apkulcs (af-c-deez) or 
Green and Black Flies. There arc quite a number of these, 
all wry similar in outer structure, so it matters little which 
kind you obtain to study. They are all small. 

If you look during spring on the tender shoots of roses, 
sycamores, hawthorns, and many other plants, you .ye almost 
certain to find aphides in considerable numbers. Some will 
have wings and some will be without. 



L'lc. 8.S.- -Win!;le.ss form of ajifiis, faiiliiif' on rosi:, X 15. 

The insects arc small, and many will be stationary, sucking 
the plant’s juices. A few will be walking about. S(;lec|: one of 
these whicli has wings and transfer ii; to your thumb nail, using 
a brush or a grass stalk. Now examine it with a hand lens and 
you will be able to discern much of its structure (Fig. 89). 

The body is fet, and not very distinctly divided into licad, 
thorax, and abdomen, althougli liicse can l.)e distinguished. 
The most conspicuous structures on the head are the eyes 
which, in green-flies, appear as two black dots. The, antenna; 
arc long and lliin, and' may either be carried poindng for¬ 
wards or else sloping backwards over tlie body. Tlie front end 
of the head is produced into a beak which may be difficult to 
see if it is curved back under the body, but is quite obvious in 
an insect which is feeding. 

The thorax carries three pairs of rather slender legs. The 
last few segments of each leg, forming the tarsus, are extremely 
thin. On the thorax also are the two pairs of wings. These 
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are thin membranes and their veins are arranged shown in 
Fig. 89. When at rest the wings are folded tent-like over the 
body in an upright position. 

The abdomen is rather round and plump. It shows signs of 
segments and is drawn out at each side into a narrow ridge or 
fold. Towards the hind end the abdomen bears on each side 
a little spike-like structure. These “abdominal processes” give 
off a waxy fluidj but their use is not well understood. The 
extreme tip of the abdomen is, in some species, drawn out into a 
pointed process (Fig. 88). 



Green-flies increase in numbers at an extimnely high rate. 
During spring and summer there are no males, and instead of 
laying eggs in the manner of most insects, the females give 
birth to well developed young. If you watch through a hand 
lens a twig covered with green-flies, you may actually see this 
occur, though a little patience is needed. This year I took the 
tip of a young rose twig (about i| inches long) and, after 
making sure that it Contained no green-flics, I carefully 
transferred to it with a paint brush one of the fat insects walking 
about on another rose twig. Then I put the rose twig with its 
one green-fly into a glass tube about 2 indies long and left it 
corked. After one week, I counted more than two dozen 
green-flies in my tube. You could easily repeat this experiment 
for yourself. 

Although no eggs are laid during the spring and summer, 
.some are laid towards the end of autumn, during which time 
males are also present. These males mate with the females and 
fertilise their eggs before they are laid. The eggs do not hatch 
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at once, but remain as eggs throughout the winter. When they 
hatch in spring, they give rise to green-flies with wings. Ihesc 
insects can thus fly about until they find suitable plants to feed 
upon They begin feeding and soon give birth to more green¬ 
flies which, however, are wingless. These wingless green-flies 
also commence to feed, pushing their beaks into the plants 
tissues and sucking the juices. In their turn they give birth to 
more green-flies, and so the process is repeated, and m a short 
time a plant may be thickly covered with these insects. 

The green-flies are not without enemies, of course. I have 
seen birds picking at rose trees thickly covered with the insects. 
In addition to birds there are many insects that prey upon 
aphides—the larvai of the lady bird beetles eat them, and so do 
the larvcc of lace-wing flies and certain hover flics (see p. 159). 
If in August you examine a number of shoots of plants infested 
with green-flics, you will almost certainly see somi; of these 
enemies. There may also be ants crawling about the twigs, 
stopping now and then at a green-fly; but they arc not (mcmies. 
What they are doing will be clear from p. 292. 

Hmiptera Hetmptera: Bugs 

Members of the group Hdmpkra look rather diflerent from 
the tiomoptera. Tlieir wings are folded closely over the back, 
and the front pair of wings arc horny at the base. When the 
wings are folded, this horny part forms a shield over the re¬ 
mainder, and because of this some of these insects look rather 
like beetles (Fig. 8711). They can be distinguished quite easily, 
since in beetles the edges of the horny front wings (the elytra) 
make a line running down the centre of the abdomen, whereas 
in bugs the wings have the appemance of being crossed, the 
edges of the horny parts and llie principal veins together form¬ 
ing an X on the abdomen. Fig. Up should make this clear. 

Several members of the group I-hniptm IMmptm are 
common in fresh water and some are mentioned below. 

The Water Scorpion, Mpa (nep-a), is a flat water bug about 
i| inches long. It is found quite commonly in still water and 
is of a dirty brown colour much resembling the colour of a 
partly rotted leaf Fig. 90 shows its structure. The curiously: 
shaped front legs are used to catch animal prey. The breathing 
tube at the hind end is made of two halves which fit together 
to make the complete tube. During its lile the animal swims 
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__ Right Front 

Wing 


f==^idedhind 


Fig. t)o.—Lef{: Water Scorpion, Nspa, X2; n 0 : a speciinen clrawii witli the 
wings of the right side spread to di,splay the aljdonieii (wliicli is coloured 
bright red), and the two valves of the breathing siphon separated, x ij. 

at intervals to the surface of the water and })ii,sluts the end of 
this breathing tube into the air to obtain a new supply of oxygen. 

A related form is the Water Stick Insect, Ranatra (ra-nayt- 
ra). This animal is aliout 2 inches long and slender in the 
body. It is much rarer than the water scorpion, Other bugs 
you will find common in fresh water are the Water Boatmen 

(Fig, 91). There are 
, a number of species 

/Fy - Rindieg , of these, but all 

\ £yo row themselves along 

under water by 

\ /r^_- means of their power- 

/ \/l \ fully developed hind 

/ iff \ u legs. These are 

J \ /Vi ^ o/wma clothed with a num- 
\[ -/ Soft Pgrt ^^cr of hairs which 

\J of Wng help them to obtain 

Fig, gi.-Fesser Water Boatman,'Cof'tosiijfe., X2. a better push against 
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the water. One form, Motometa (no-to-nek-ta), about | inch 
long, is remarkable in that it .swims on its back. The exposed 
unclcrsurface has a silvery glistening appearance because of a 
bubble of air wliich is trapped in a layer of hains. This air is 
used by the Motonecta for breathing purposes and the insect has 
to come to the surface at intervals to renew the bubble as the 
oxygen in it becomes exhausted. 



Fig. 92.—Pond Skater, Gerris spp., X4. 


All the species of the other common forraof water boatman, 
Corixu (kor-iks-a), arc smaller than MoMsetu, and do not swim 
on their backs (.Fig, 91). Also the air used for brea,thmgishcld 
between the wing,s and the abdomen, and is not visible. _ 

On the surfiice of tlie water are found other members ol the 
Hemiptm Bmoptm. These are the pond skaters and they move 
about on tlie surface film of the water, feeding on the bodies 
of dead flies. The common forms are the Water Gnat, lipro^ 
mdra stagnorum (hy-dro-met-ra stag-nore-um), and the Pond 
Skater, GemVIjer-ris) (Fig. 92). 

With the exception of C'onw, the water bugs are a 1 hojce, 
preying upon other creatures, so tliey must not be placed m 
aquaria containing small animals that you wish to keep. If 
you desire to make a collection of the various kinds,^ you can 
gumtlicmon to white cardboard as with beetles; but it is more 
fim to keep a collection of live water bugs, in .separate jam-pots. 


.i-.f \ 












CHAPTER SEVENTEEN 


Earwigs, Grasshoppers, and their 
Relatives 

Earwigs 

'^T'^HERE is some doubt how those curious insects called 
^ Earwigs obtained their name. Some think it is because 
they have in the past occasionally crawded into the ears of 
people sleeping out of doors on the ground, while otliers be¬ 
lieve that the word is an altered form of “car-wings”. It is 
certainly true that each of the two hind wings is shaped ratlier 
like the outline of an ear (Fig. 93). 

Earwigs are very conimou insects, often Ibimd tlirongliout 
most of the year in both town and country gardens. Some¬ 
times one comes across them while digging, or turning ova' 
garden rubbisli. They are oftmi to lie found crawling on 
flowers where they damage tlie ])ela!s liy nil)bling tlvnn. Other 
favourite lurking places are under iiiecesof wood, liricks, or 



Fig, 93,•-(«), female earwig, aumulanih witli 

the legs and antenna from the left side omitted, X4; 
(i) the forceps of a male, xd; (4 a Mnd wing, xd. 
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old sacks lying on the ground, or behind the dead bark on 
old trees. They hide during the day and become active at night. 

In colour, earwigs are a dark mahogany shade, but the head 
is a ligliter brown, and the wing-covers and the edges of the 
thorax are a pale greyish-yellow. Earwigs arc about | inch 
long, and the body is rather flattened from the dorsalto the 
ventral siuTacc. I'lie Ixidy is clearly divided into the three 
piV’ts usual in insects; head, thorax, and abdomen. As there 
are also six legs, two ])ai,rs of wings, a pair of compound eyes, 
and a pair of aiiUainie, the earwig fits quite closely our descrip- 
non of a typical insect (p. 105). 

Tlic head is somewhat heart-shaped and possesses a hard 
outer layer of chitin. .At the front end are numerous mouth- 
parts rather liuddlctd together and difficult to see distinctly 
except for a pair of small leeler-like palps situated a little 
behind and (o'the sides of the mouth, If you look at the head 
through a hand huis, I'rom imdemcatli, you will be able to observe 
the,sc {.saip.s quite dearly and see tliat each has three visible 
scgmem,s. 

The eoinpoimd eyes are placed at the sides of the head, just 
behind tlie middle;. They are black, and almost round in out¬ 
line. Widi. the aid of a liand lens the numerous fricets can 
easily be .seen. There arc no signs of any simple eyes. _ 

Tile antcnrifc arc long and threadlike, each consisting of 
lou-,' en segments. At tlic back of the head, on the top, is a 

Y-shapid gi’oove ill the hard chitin. 

The head is joined to the thorax by means of a narrow neck. 
Viewed Irora above, the thorax is rather square in out;line._ Its 
side edg<;s arc nearly transparent and are drawn out into little 
flattened ledges which project from the body. 

At the hind end of the thorax are the two pairs of wmgs. 
The front pair are rather hard and quite short. When folded, 
as they nearly always are, the left; wing slightly overlaps the 
right (ine in the mid-line, but you will have to look closely to 
.see thi.s. At first sight, it looks_ as if the edges of these wings 
meet one another, as do the wings of beetles. _ 

If you raise one of the front wings with a pm, you will find 
a hind wing underneath it. This is carefully folded and is 
very delicate and soft except for a small area along its front 
edge. To unravel it requires some patience, for it is folded in 
a rather complicated way, To spread out a hind wing you 
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will luivc to remove it li'om the earwig. Even then it is dilBcult 
to unfold. I find it best to float the wing in a drop of water 
on a , piece of paper and tlicn brush it out flat by means of a 
paint brush. When you have one of these hind wings .spread 
outj you will see that it is nearly semi-circular in outline and 
provided with very many delicate veins. At the middle of its 
front edge is the hardened area mentioned above (Fig. 93c). 

When all the wings arc folded, you will be able to see that 
tlie front wings are not quite long enough to cover the hind 
wings completely, In consequence you will be able to see a 
small portion of each hind wing projecting beyond the front 
wings (Fig. 9312). This portion is the hardened area in the 
middle of the front margin already mentioned. 

It is said that earwigs very seldom use their wings for flying. 
Certainly I have never seen one do so. No doubt you will 
keep a sluirp look out, in the hope that you may be more 
fortunate, thougli it is probable that if earwigs fly tliey do .so 
mainly at niglit. If you examine the radiators of cars ti uit have 
been on long night journeys, you will find many insects, chiefly 
motlis, trapped there, but, if earwigs do fly much at night, a 
few ol' them should occasionally be present. 

The three ])airs of legs beneath tlie thorax have a normal 
structure. Tliey are lighter in colour tlian the rest of the body. 
The fcet or Tarsi each have three segments, the last of which 
carries a pair of .sharp curved claws. 

The abdomen has a broad connection with the thorax. It 
is more or les,s parallel-sided, and ends in a pair of hard pincers. 
The nature of the pincers will enable you to distinguish the 
males from the females. In males the pincers are stout and 
strongly curved, and each member has a sharp pointed tooth 
on its inner edge where it is joined to the abdomen (Fig. 93(1). 
In females the pincers are more slender and do not liave the 
teeth, nor are they so strongly curved as the pincers of the 
males. In male earwigs you should be able to count nine 
segments on the abdomen when viewed from above, but the 
first segment is partly hidden by the wings and only visible at 
the sides. In females you will be able to count only seven 
segments. It is worth while to examine the sides of the abdo¬ 
men, to sec the manner in which the plates forming it overlap 
one another. 

It is believed that the pincers arc used to fold the wings after 
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flight, and arc probaljly used also for alLack and defence, 
because an earwig that is .|da,rmcd will hold its tail up with 
the pincers opened widedy in a tlircateniug maimer. In spite 
of this, however, it semns very relmUant to close tlicm on one’s 
fingers or even on a matchstick held lictwccn them. Some 
observers liave seen earwigs vise tlicir pincers to hold flics they 
have caught, and earwigs certainly use their pincers to help 
themselves to turn over, if tlicy happen to fall on their backs. 

Not much is known about the food of earwigs, though they 
seem to cat a variety of substances, both vegetable and animal. 
Probably they eat otlicr insects, and possilily small snails and 
slugs. Keep a lew earwigs in a large tin or box with some damp 
soil and experiment with diflerent lliudstiiils. 

Earwigs lay their eggs in the soil, and in other places, during 
early spring, and the I’emalc watches over them until they 
hatch. 

Early in April I dis(.:ovcrcd a female earwig togctlier with 
forty-two pale ycdlow eggs imder a ];)ic(:c of liark on an old tree 
stump. I placed licr, together with, (lie eggs, in a specimen tube. 
The eggs wort! all jumliied togiaher, and some time later I was 
surprised to find them collected into a ncm pile. I disturbed 
tlie eggs again anti wa,tv h(,;d to see wliat tlu,; earwig would do. 
After a sliort time slie began to pick tip the eggs in her jaws 
and carry them tt,) make a new pile. Slic ditl this as often as I 
disturbed the cgg.s. Next, I scattered the eggs throughout some 
soil on a saucer, covering tlit; soil with a tumbler. In the^morn- 
ing the eggs liad been collected again, and the earwig was 
standing over them as usual. Tlie eggs toolc nearly five weeks 
to hatcii, and, fur .some days before thtiy did hatch, the young 
earwigs in,side could be distinctly seen. The newly hatched 
earwigs clustered under the mother, reminding me strongly of 
chickens under a broody hen. 

Except for a few small differences in structure, the young ear¬ 
wigs, when they hatch, are very like the adults, but are lighter in 
colour and the liiody .skin is not so hard. 'Iliey moult several 
times, increasing in size at eacli moult, and so gradually turn 
into adults. Immature earwig are often turned up when one 
is digging In the garden during early summer, and are easily 

recognised by their pale creamy colour. 

Earwigs can be killed in a laurel-bottle or in hot water, and 
set with glim tragacantli on white cardboard, in the same way 






PATTERNS OF LIFE 


170 

as beetles. It is instructive to collect a good niimlier and make 
careful drawings of the male pincers. They will be found to 
vary considerably in .shape and size. 

Grasshoppers and their Relatm 

Probably most of you are forailiar, in a general way, with 
tliose insects we call grasshoppers. Fig. 94 is a drawing of one 
of the commonest Short-horned Grasshoppers, and the draw¬ 
ing makes clear the main points of the structure. 

The head is fixed to the tliorax without any, signs of a neck. 
It is much deeper (i.e., from forehead to chin) than it is long, 



Fig, (J4, —Short-honied Gra,sHhop])ei', Chortiihipjivs hkohr, x 24. 

and tlie front of the face slopes distinctly backwards. The 
mouth pails occupy the lower third of tlie face and, in addition 
to the biting jaws, you will be able to sec two pairs of jointed 
palps. Tliere is a pair of very prominent compound eyes, and 
situated on the forehead in front of these, a pair of threadlike 
antenme. Eacli antenna has numerous small segments (about 
twenty-tavo in the species drawn). 

The thorax is composed of a number of plates and, like the 
head, is, deeper from top to bottom than it is wide from side 
to sick Its various walls are more or less flat. It carries three 
pairs of legs and two pairs of wings, though in some species the 
hinder pair of wings may be very small or absent altogether. 

The legs consist of the segments usual in insects, but each 
tarsus has only,three segments. The end segment carries a 
pair of claws with a fleshy pad in between them. These struc¬ 
tures can be only just discerned with tlic naked eye but arc 
ea,sily visible under a hand lens. The last pair of legs is re¬ 
markable for the manner in which the femurs are enlarged and 
swollen. Contained in these swollen femurs are the muscles 
which enable the grasshopper to jump so vigorously. 

When the grasshopper is not flying, the wings are folded 
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along its back. The first pair of wings are rather horny, and 
are called elytra (as in beetles). They are long and rather 
narrow, with a complicated network of veins. Folded under 
the elytra are the second pair of wings. These are more delicate 
and, when unfolded, are seen to be much broader and rather 
triangular in shape. They, also, have an elaborate network 
of veins. 

The abdomen is stout and rather parallel-sided. The plates 
which compose its surface can be distinctly seen, and nine 
segments can be counted at the sides, At the end of the abdo¬ 
men are the genital structures. 

Male grasshoppers are capable of making a chirping noise, 
but the females usually cannot produce any sort of sound. In 
the species drawn in Fig. 94, Chortohippus bicolor (kor-toh-hip- 
pus by-kol-or), the sound is produced by rubbing the inner 
face of the femur against the thickened lower edge of the 
elytron. On the inner face of each femur is a row of about 90 
tiny peg-like projections, and, as these scrape over the elytron, 
the latter is set vibrating to give the familiar chirping sound. 
You can imitate this action by scraping a pencil or matchstick 
across the teeth of a comb. 

When animals are capable of making a sound, we usually 
find some kind of ear also present. This is so with the short- 
horned grasshoppers, where the ears are situated on the first 
segment of the abdomen. There is one “ear-drum” on each 
side, and it can be seen on the body wall above the base of 
the third pair of legs. Each drum is in a depression which is 
surrounded by a horny ridge. 

The colour of the species drawn varies a good deal, but the 
ground colour is usually brownish green and the tip of the 
abdomen red. This insect is widespread and quite common. 

Female grasshoppers lay their eggs in the ground. The 
holes for the eggs are made by means of the ston^ horny valves 
of the ovi-positor (egg-layer). Usually several holes are dug 
over a period of some weeks, and in each, between 30 and 100 
eggs are laid. The female pours a fluid over the eggs, which 
hardens to form a waterproof covering. 

Egg-laying takes place in August and sometimes in Septem¬ 
ber, but the eggs remain in the soil throughout the winter, not 
hatching until May of the following year. The young grass¬ 
hoppers are called and have the general shape of the 
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adults, although as yet there are no signs of die wings.^ The 
nymphs feed on plant matter and grow rapidly, moulting a 
number of times. At each moult they become even more like 
their parents. The wings appear after the third moult and 
grow larger at each following moult until, about July, they are 
fully formed and the insects arc adult. 

This kind of growing up is called direct development. There 
are none of those profound changes in form known as meta¬ 
morphoses (met-a-morf-o-seez), such as are found in the 
development of butterflies and mosquitoes, whose larvai change 
abruptly into pupin and the pupa; into adults. 



Spinicif! 


Fig, 95.—Long-horned Grasshopper, Memmin thahs-ina, temale, xa-J-. 

The Locusts, which are such plagues in certain warmer 
countries, arc short-horned grasshoppers, as also are the ground 
hoppers. The latter are smaller than the grasshoppers and are 
always brown in colour. Their most obvious dificrence is that 
the top of the thorax projects backwards as a kind of roof over 
the abdomen. 

Closely resembling the short-horned grasshoppers arc two 
Other groups of insects. These are the long-horned grass¬ 
hoppers and the crickets, 

The long-horned grasshoppers (Fig. 95) have threadlike 
antennae with more than thirty segments. These antennie are 
about as long as the body, or in some species, even longer. The 
body colour is usually a bright green and the chirping noise 
is made by rubbing the elytra together, not, as in short horned 
grasshoppers, by rubbing the femurs on the edges of the 
elytra. The “cars” in long-horned grasshoppers are on the 
front tibiae near tlicir junctions with the femora. The ovi- 
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positor is curved and flat¬ 
tened liom side to side, 
and the tarsi have four 
segments, whereas they 
have only three in short- 
horned grasshoppers. 

The crickets (Fig, 96) also 
have long antenme, but the 
tarsi in this group have only 
three segments. Like the 
long-horned grasshoppers, 
crickets make their chirp¬ 
ing noise by rubbing the 
elytra togctlier, and the 
“ears” are on the front 
tibicE. The ovipositor is 
straight and ncedlc-like. 

Here is a key that will help 
you to determine to which 
of the above loin: groups 
a particular grasshopper- 
likc creature lielongs. 



Fig. 96.—House Cricket, Gryllus 
domestims, X 2 . 


KEY TO 'THE GRASSHOPPERS 

Antemia! loss than half as long as the body; the 
hind femurs with prominent ridges or keels, 

1' their edgo.s drawn out into obvious ridges 2 

Antemiio more than half as long as the body;, _ 

, edges of hind fornurs smoothly rounded 3 

/ Top of tho thorax produced backwards to cover 
the abdomen; each tarsus without a pad he-, 
n tween the daws; brown in colour ground Horms 

“I Top of the thorax not produced backwards to 

cover the abdomen; each, tarsus with a pad . 

. . between the claws : shobi-'horned grasshorpers 

n/Tarsi with tkee segments : : Y oriokets 

"ITarsi with four segments long-eornbd grasshoppers 

Grasshoppers are best caught by sweeping a net in grass or 
other low-growing herbage. They may be Idllcd in a laurel- 
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leaf bottle, and kept on pins in a dust-proof box; but the 
colours soon fade. If dried specimens become loose on their 
pins they may be fixed with glue. 

If you obtain a live grasshopper, take it on to a wide stretch 
of concrete or otlier clear ground and make it jump by touching 
it. Observe the height and distance of its leap. If you make 
it jump five or six times in succession, you will find that its 
leaps become feebler and feebler until it can no longer move. 
Its muscles are, for the time being, completely exhausted. 
After a short time, it will be able to jump again. 

This power of jumping is very iisefiil to a grasshopper, for, 
when danger threatens (e.g., from a bird), it can leap away 
to a considerable distance; it is then very difficult to find 
because usually its colour is lairly similar to its background. 
The general body shape also aids concealment. 


CHAPTER EIGHTEEN 


Dragonflies 

^pPIE Dragonflies form a very distinct order of the insect 
A class. They arc among the largest of the British insects 
and have a very characteristic shape (Fig. 97). As the adult 
dragonflies do not differ greatly, except in colour and size, I 
shall give a general account, because it is not always easy 
to catch a particular species. 

The head is large with a pair of relatively enormous com¬ 
pound eyes and three simple eyes. The antenmc are very thin 

A,ntenn3 
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and quite short. Probably they have but little importance as 
sense organs. 

The general arrangement of the various parts of a dragonfly 
is shown in Pig. 97. The head is fixed by a slender neck to the 
stout thorax, which iDcars two pairs of prominent wings and 
three pairs of legs. The fore and hind wings are rather like 
one another and the network of veins is very complicated 
indeed. The pattern of the veins is slightly different in the 
various kinds of dragonllies and is used by experts to dis¬ 
tinguish one species from another. 

The wings provide a means by which we can divide dragon¬ 
flies into two distinct sul>ordcr.s—tlic dragon-flies proper and 
the damsel flies. Note that when the sub-order dragon-flies is 
referred to, the word is spelt witli a hyphen, but when the 
whole order is meant, botli dragon-flies and damsel flies, we 
spell the word without a liyphcn, dragonflies. 

The damsel flics are smidlcr than the dragon-flies and they 
have a rather slow flitting flight. In addition, their fore and 
hind wings are very like one another and taper gradually to 
the base (Pig. gyc). When at rest, damsel flics fold their wings 
together above tlurir backs in the same way as buttcrfli(;.s. The 
dragon-flies are bigger and stouter than the damsel flies, fly 
much faster, and their fore wings are somewhat different from 
their hind wings. The wings are broad right down to their 
bases, the hind wings being actually widest near the base. The 
hind wings also have a little Irorder of opaque skin along the 
edge nearest the body. When at rest, dragon-flies spread their 
wings out sideways like the wings of an aeroplane. 

There is nothing unusual in tlic shape of the sk legAS, but 
each is provided with a doulfle row of stiff spines which are 
believed to help in capturing food (Fig. 97/;). The abdomen 
consists of ten segments, of which the first and the last are 
rather short, The last abdominal segment bears structures 
called the anal appendages. 

Dragonflies live entirely on other insects, which are caught 
on the wing or else snatched from flower heads and other 
places by the dragonflies as they skim past. They catch 
especially large numbers of mosquitoes and gnats, though the 
larger kinds catch bigger insects such as wasps and bees, and 
apparently sometimes even smaller dragonflies. 

The males can be distinguished from the females by the 
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resence of a maling pouch under tlic mid and pari of tlic 3rd 
abdominal segments. Here the iiiaic sex cells aiv sloml. When 
two dragonflies are mating, thi' male siT/rs llie neck of (he 
female with his anal elaspers ,, 

and the female bends the ti|) ol V ^ • p, 

her abdomen round sii that ^ -- ;j 

it comes into eoiiUiet wilh the 0 , 

mating pouch ot the male. ‘ 

Vprv olteii two dragonflies, I'le. <)«■-.tlamsdl ilicsi llyiag m 

especially damsel flics, nay Ik- ,, 

seen flying along coupled to- 

gethcr in tandem liishion (Pig. 9!]). I'lie ll'iiiale is always the 
hinder one of such a pair. 

The eggs are laid either 011 the uii'laee ol water or on water 
plants 1 .K‘low the water. Some species actually make holes in 
the stems of water planls and lay their eggs in these. 

The eggs hatch into nymiilis wliiili feed on other water 
animals.'’ Tlie nymphs may moult as many as twelve tunes 
before tliey rcaeb the adult stage, and (lie underwater hie ot 
(tie nymiihs may take 
one or more years. 

A dragonfly iiym]:)li is 
a eiirioiis creature. The 
young nymphs difl'er 
somewliat: from tlic older 
one„s and have no visilile 
trace ol:' wings, liul:, as 
arc rather small, 
I will desGi'ihc an oldiu' 
iiympli just before it is 
ready to turn into an 
adult dragon fly. 

The nymphs of the 
various dragon-flies eaeli 
have iiicir own particular 
shapes, Init tlic general 
pattern is, the same. The 
body is ilivided into bead, 
tliorax, and abdomen; in 

colour is generally muddy 
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darker markings; and is ratlicr llaUnned from the dorsal to the 
ventral surface. The head lias a pair of bulging compound 
eyes and a pair ol' rather thin anteiiiue. Below the mouth 
is a curious structure called the “mask” which really represents 
the bottom lip. The mask consists of a two-jointed piece of 
chitin fixed to l:he head at one end and carrying a pair of 
sharp pincers at flic free end (Fig. loo). When a .small moving 
creature (c.g., a small fish or tad- 



})ole) passes near tlie nymph, the 
mask is suddenly shot forwards 
and the fangs of the pincers driven 
into the prey in order to grasp it 
lirmly. Then the mask is with¬ 
drawn to liring tlic prey opposite 
to the mouth, where it is rapidly 
devoured, 

On tile tliorax of the nymph 
arc tliree pairs of legs which arc 



used for walking, each leg having 
a pair of tiny claws at the free 
end. The first stages of the wings 
arc flap-like out-growths on the 
dorsal surface of the thorax. 

The abdomen is segmented and 
bears at its liind end five .short 


(b) processes. Two of these, at the 

Fig, ioo.~ia] lumd of tlmsol Very small, SO there 

iiy drawn from below to show may appear to bc only three 
the niaslt in its resting posi- /p:™ 
tion; (h) tile inaslt extended. ^ J?,' „ , 

I (rt) X 4, (6) rather less,] f hc daimscl fly nymphs are 

rather different in appearance, 
being much more slender in the body. At the hind end 
of the abdomen there are three flattened processes which 
arc cpiite long and form part of the breatliing equipment 
(Fig. loi). 

When the nymphs arc full-grown, they crawl up the stems 
of water plants into the air, Here the skin splits along the back 
and slowly the adult dragonfly struggles out. Its wings at first 
are small and crumpled, but they are soon pumped up by blood 
forced into them through the veins. The body also expands. 
In two or three hours the insect has become a typical dragon¬ 


fly, and, its tissues liardenal by esposure to the .air, it is ready 

^^MiJ^draijonfliis may fly very far from water, '“f 
ret™ to it to breed, and usually in summer you will find 
plenty of dragonflies darting about near most stretches of water, 

" Tk limZ are Sy tibtainod with a pond net and the 
bigger ones arc not diffi- 

cult to keep in aquaria v S'l //Mask 

They must be led, and 

this is sometimes difficult / J 

as they prefer moving 

prey. The larger ones 

readily cat tadpulcs, and /T’-^ 

will sometimes eatordin- ^ V"\\ 

ary fly maggots (gentles). ^ W \ 

They will eat raw meat, / X 

especially if a small piece / (Ij \ 

is tied oil to a piece of / Q ' 

cotton and drawn slowly ' 

along in front ot them. L. 

{Me: Pieces of raw meat U 

must not be lelt in ME 

aquaria, or the water ^ 

will become foul.) Ilf 

Ifyou wish the nymphs 17 

to change succcs,sfully joj .._4j;(ii.iydamMUlyliU'vaibe^ 
into dragonflies, you must wing rudiments luwc appeared, X (), 

Stp'SSlSf» 

with a stone or piece ot lead is quite suitable. 

Dragonflies can bc caught with a butterfly net, but a 
some of the larger ones can fly at 15 miles an hoiii and 
'also haw vciy^ecn eyesight, their c^ture » pS 

easy. Dragonflies can be set on pins on ordinary scUingboai* 

IfebutteSies (Fig. 74), but the colours lose their brilliance 
shortly after death, and some ot the colours disappear com- 

''‘ifft interesting to make a collection of the wings of the 
various species. After you have detached the winp Inm the 
body, one pair (i.e., fore and hmd wing from one side) can 
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be mounted on wliitc cai'clboani with Jtnm tragacautli. You 
may perliaps like to ponder whether the small (lillcrcnccs in 
the vein patterns of related dragonflies are of any importance 
in the struggle for existence. 


.1 .1 .rj V .li 

WAItNJSlJ ANIi Mraii'l'K.l (,'OI,0:itA'l’ION 








A..Tlinni iiisoi'Is uliii'li iini iliiiif'ci'- 

I |(Mis 111 ' iiiiplmismili L(» I'lil,: 

I (I) A Jiuh'-liiiilod I'.iiiiilili3 lino, 

I (2) A lliii'jici, 

1i (It) A Oirinuliiii' Moih C(noi’pilln,r 

I iloHnoiiiliiig JVdin tviifiwoi't. 

1! 'I'lio iii'rtt. l-wci riiii iiiliicl. piiinCui 

' stingfi, Uio litsh in i'i'CuhoiI by liuiis. 



Ji. Tlii'iir iiisi'crA wbiiili lire not 
iliingoi'oiis, nil,hough iJiiiy show 
lypinil, warning ijoliiniUoii: 

(■I) Till) Wasp J.iDei.le {Cljitm 

imeHK). 

(fi) T'ho Homol; (lloarwing Motli, 
iiihuiokiiig H liomiil,. 

(II) A fonuilo Wood Wasp 

mm)- 
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CHAPTER NINETEEN 


Spiders 


S piders are frequently confused with insects, although they 
are quite different and very easy to distinguish. 

In gardens and similar places, particularly at the end of 
August and during September, you may find the very beautiful 
websofthe GardenSpider, and the spider herselfis usually near 
at hand. Sometimes she-for it is the females which build the 


big webs^—^is to be found hanging motionless in the centre of 
the web, but at other times she may be hiding nearby under 
a leaf or in some other sheltered spot. 

It is quite easy to catch one of these spiders, for when 
alarmed she always drops downwards, so that if you bring a 
small tin up towards one from underneath, she will drop mto it. 

To examine the spider alive, , shake it out on to a piece of 


white paper and cover it 
with an inverted tumbler. 
Note how it moves and how 
the two hind legs are 
dragged along. You should 
be able to see eight legs 
(four pairs) as well as a 
pair of smaller leg-like 
structures, the pedipdps, at 
the head end. These are 
used as sense organs. Notice 
that there are no antennae 
in spiders, and no traces of 
wings (Fig. 102). 

To study the finer points 
in the structure of the 
spider, you will need a 
(fead specimen, Spiders 
may be killed in the 



FIG. 102.-W female Garden Spider. 
B-peira diademata, f 
(&) magnified view of, tfie forehead, to 
show the eyes, 

■ G . 
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laurel-leaf Idlling-bottle, but take longer to die than most 


The body of the Garden Spider is sharply divided into two 
parts the big bulging abdomen at the rear, and an anterior 
part which is made up of the head and thorax firmly joined 
together. (In insects, remember, the head and the thorax are 
more or less separate.) The abdomen overhang.s the head- 
thorax, to which it is connected 
X'vr>\ by a quite narrow “waist” 

jSx ( \ (Fig. 103). The colour of the 

i \ \ \XMom abdomen is a warm brownish 
V \ y grey, but there is also a number 

1^ \ ^ of white spots arranged some- 

PedipolpX times, but by no means always, 

^ to form a conspicuous cross, 

Fig. i03.-SMe view of female j j j j tliat this 

Garden Spider, with the legs 7 , , 

removed, xa. Spider IS frequently called the 

Garden Cross Spider. 

There are four pairs of legs, which arc fixed under the 
head-thorax around the sides, leaving a central breast plate 
(Fig. 1066). Fjach leg is composed of seven segments which are 
not all the same length, and is covered with stiff hairs pointing 
towards the leg tip. The legs are marked with alternating light 
and dark bands. Right at the tip of each leg you will be able 
to see with a hand lens two tiny curved claws. The third pair 
of legs is the shortest, a character shown ^ 

by all the spiders belonging to this genus, 

£pefw(ep-e-ira). 

There are no large compound eyes 
such as are present in insects. Instead 'yY 

there are eight simple eyes arranged along A:^ \ 

the top front edge of the head. The head Jl'.l ' _ 
is rather square in outline when seen from 
above, anci at each front “corner” there r/ate 

is a pair of eyes. The other four eyes arc 
in the middle of the forehead and are 'Va 
situated on a slight swelling, Fig. 105 
will make the arrangement clear. You ^ 
can easily see the eyes with a hand lens: , 

they look black and shiny. ^ 

The pedipalps are the small leg-like spider x 10. 
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Foreheod 

Eyes 

Basal Segment 
of Jaw 


structures near the front 
of the head, one on each 
side. Each pedipalp is 
composed of five seg¬ 
ments, and is used as a 
feeler, probably doing 
most of the work that 
is done by the antenna 
of an insect. The seg¬ 
ment nearest the body 
is hard and acts as a 

law fFiff rnA 105—Front view of the jaws and fore- 

Tr^' 1 , tiond of the Garden Spider, considerably 

if you look at the enlarged, 

head of the spider from 

the front, you will see the jaws. There are two of these, side by 
side, attached to the head at their top ends, while their other 
ends hang freely downwards. At the free end each jaw has a 
curved fang (Fig. 105). If the fangs are not distinctly visible, 
they can easily be made so with the point of a pin or needle, 
for if they are pressed downwards in a dead spider they will 
remain open. If you do open out the fangs, you should be able 
to see the tiny teeth-like projections on the inner surfaces of 
the jaws. Use Fig. 105 to help you to identify these structures. 

In the head behind the broad part of each jaw is a tiny bag 
filled with poison. The poison from it travels down a narrow 
channel which opens on the tip of the fang, so that, when a 
spider drives its fangs into an insect, the poison is injected into 
the prey which is rapidly paralysed or killed. No British Spider 
is capable of hurting human beings, though the bites of certain 
foreign spiders (e.g., the Black Widow) are really dangerous. 

The interesting structures on the abdomen are underneath. 
Near the front end, in mature females, is a small yellowish 
structure called the epigyne, situated in the mid-line. The 
epigyne is continued backwards as a projection which bears 
some resemblance to the spout of a kettle. This is the ovi¬ 
positor, and at its free end is the opening through which the 
spider’s eggs are laid. The epigyne is not present in young 
female spiders, nor, of course, in males of any age. There is 
a small black swelling on each side of its base. 

Near the ovipositor is a pale area of skin on each side. At 
the hind end of each is a long thin slit running for a short 
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^ _ Pedipalp distance across the spider 

- Pang at right angles to the mid- 

./ 4 ^_ lip line of the abdomen. These 

_ Baseof2''!‘Leg arc the entrances to 

_ Bmst Plate the spider’s “lung books”, 

devices liy which the 
obtains oxygen. A 

(b) ^ ^ lung book really consists 

of a pouch or chamber 

(/^y. pushed in, as it were, 

.(pigy from the body surface, 

and contains a sort of gill. 

Near the tail end of the 
// \\ abdomen is a little central 

'■-V-'l Cuij connection ])rojeclion. WllCll CXaill- 

I y' “'tid with a hand lens this 

\ is seen to be made of five 

V,' lung Book parts or llaps. Tlic uppcr- 

\ ' V;g! / most part is a little flap on 

\ \J'fV / the anus, the Iiind 

canal, 

- Spinneret opens. Tlic otlicr four flaps 

F.O, .o(i.-Vcntal viow ot W fc (tWO P™) rfy 

abdoinoii, and Ip) the ceplialothorax, of comcal structures on which 
tlic female Garden Spider; (c) side view glands open, and 

of the epigyne, [(») and {h) X4. (d more „ ii y xi 
highly magnified.] tlic spiiincrcis. 

riierc IS another pair ol 
spinnerets present, but tliis pair is usually hiddmi. To get a 
clearer view of the whole structure, you can squepe the 
abdomen gently and the spinnerets should open out from one 
another. The inner, smaller pair of spinnerets will now be 
clearly visible, Sometimes, with the help of a brush, it is 
jmssiblc to draw silk from the spinnerets. 

The male spidei’s arc smaller than the females and not so 
easy to discover. As a rule they do not spin webs, but they 
may sometimes be found near the webs of females during 
the mating season (September). Males may easily be dis¬ 
tinguished because the end segment of each pedipalp is con¬ 
siderably swollen so that it looks rather pear shaped. This 
swelling contains the male sex cells. 

The webs of spiders belonging to the genus Epeira arc most 


^Cti^ connection 
" mth Thorax 
■Epigyne 
.Entrance to 
lung Book 

Ovipositor 


IG. 106,—^Ventral view of: [a) the 
abdoinon, and p) tho ceplialothorax, of 
tlic female Garden Spider; (c) side view 
of the epigyne, [(») and {h) X4. (d more 
liighly magnified.] 
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elaborate objects. They arc made of silk which i,s given ofi 
from the spinnerets. The spider, having chosen a spot likely 
to be frequented by flies, first constructs a framework of non- 
sticky threads. Across this framework other non-sticky threads 
are .stretched, crossing in the centre like the spokes ol a wheel. 
Then, starting at the outside, the sticky spiral is made. Tlie^ 
spider lays this down carefully, passing from spoke to spoke ol 
the wheel and gradually working inwards. These last threads 
are at first completely covered with a gummy substance, but, 
just before she finally fixe.s them in position, she stretches eacli 

I_ Bon-sticky 

Radius Strand 


Droplets of Glue 


Fig. 107,—Enlarged drawing of a portion of the web of tin? Garden .Spider. 

thread slightly and then releases it with a little twang. This 
causes the gummy material to be shaken into tiny droplets so 
that when observed under a hand lens a sticky thread looks 
like a string of glistening beads, On some threads the beads 
may be all the same size, but on others they may be both 
large and small (Fig. 107). 

In the very centre of the web, the Garden Spider makes a 
rather irregular platform of non-sticky threads and frequently 
she will hang here, head downwards, waiting for insects to fly 
into the web. 

At other times the spider may not be in her web but hidden 
nearby. In this case there is always a signal thread strctcliing 
from the web to the hiding place. The spider lies with one of 
her legs holding on to this strand. When a fly gets entangled 
in the* web, its’struggles set up vibrations which are carried 
along the signal thread to the hidden spider. At once ^ she 
rushes out to the centre of the web and then along one of he 
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spokes until she reaches the fly, which is immediately bitten 
by the poison fangs. When its struggles cease the spider may 
make a meal by sucking its blood. On the other hand, if she 
is not hungry, she wraps the insect in silk. To do this, she 
produces a number of silk threads from the spinnerets and 
fixes them on to the fly. Then she rapidly twirls the fly over 
and over with her legs so that in a very short time it is com¬ 
pletely swathed in sillc. You will often see such flies stored 
in webs. 

Try the experiment of putting flies in spiders’ webs, so that 
you may observe the way the spiders deal with them. Large 
flies such as blue-bottles are not suitable, as usually they arc 
strong enough to break the_ strands of the webs and escape. 

It is not (lifficult to obtain a complete small web intact on 
a piece of clean glass. Choose a suitable web which is easily 
accessible, and bring the glass up to it, so that the web will 
be stretched out on the glass. Then with a steady movement 
press the glass on to the web and continue the movement for¬ 
wards, so that the supporting strands of the web are broken. 
The web will stick to the glass. Your first attempts may not be 
entirely successful--the strands of the web may be displaced— 
but with a little practice quite good results should be obtained. 
When you have a suitable web the strands can be made more 
easily visible by blowing on to the glass a little powdered 
French chalk such as is supplied in cycle repair outfits. If you 
wish to preserve the Web, fix another similar sized sheet of glass 
over the first, and bind the two sheets together round the edges 
with sticky brown binding paper. 

The eggs of the Garden Spider are laid in Autumn, and are 
enclosed in a ball of silk thread, light golden yellow in colour, 
and up to | inch in diameter. This mass of silk is called a 
cocoon and it is placed in a sheltered spot. Usually the young 
spiders do not hatch until the next spring. Then they resemble 
their parents quite closely, except in colour. As they grow 
they moult several times before they reach maturity. 

Among the other British spiders that you are likely to meet 
are the jumping spiders and the wolf spiders. Neither of these 
spins webs; instead they both hunt their prey by sight. 

One of the Jumping Spiders commonly seen in late summer 
and early autumn running about on walls, particularly if the 
sun is out, is the Zebra Spider (Fig. io8). It is quite tiny, but 
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Fig. 108.—Male Zebra Spider, X3. 


very conspicuous because w 

the abdomen is plainly ( 

marked with diagonal / 

black and white stripes, / 

a.d the rather short fegi " 
are also banded with black 

and white. If you try to \ 

pick one up, it will leap / \ 

away in a most discon- / \ 

certing manner. These \ 

spidep catch their prey by jeta Spidi, X3. 

jumping upon it after they 

have stalked it, or else pounce on it as it approaches the 
place where they lie in ambush. It is said that, when a 
Jumping Spider leaps on its prey, it remains attached to its 
point of take off by a strand of silk which acts as a life line 
in case of a fall, in much the same way as the ropes used 
by mountaineers prevent serious accidents. It is not that the 
spider would hurt itself if it fell, but probably that having once 
found a good hunting ground on a wall or fence, the spider 
would take a long while to regain it after tumbling to the 
ground. 

The Wolf Spiders are slender, dull-coloured animals that 
look quite fierce as they rove about the ground. If you search 
in grass or among the herbage in waste ground, you are sure 
to come across them. They are very quick in their movements 
and will attack quite large insects. Once when I was out 
collecting moths at dusk, I had netted a Swallow Tail moth 
and had laid down the net with the moth in it while I was 
taking the killing bottle from my bag. Imagine my surprise 
when, on lifting the net, the moth went sailing away across 
the grass like a tiny yacht. On looking closer I saw in the dim 




injunction 
^between 
the parts 


Fig. 109.—(fl) female Wolf Spider, carrying 
cocoon, X 2; (b) view of the cocoon to show the 
join between the two|,halves. 
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light that it had been seized by a wolf spider which was carry¬ 
ing it away. _ 

The female wolf spiders carry their egg cocoons with them, 
attached to the underside of the abdomen (Fig. 109). The 
cocoons arc pale straw coloured and more or les.s spherical. 

The sphere is made in two halves of stout silk, and round the 
“equator”, where the two halves join, is a belt of thinner silk 
through which the young make their escape when they are : 

hatched. They do not scatter at once, however, Imt continue | 

to live in the cocoon for about a fortnight. j 

The Cobweb Spiders include a number of forms whose webs ! 
are familiar. The Common House Spider is one of them that j 
builds horizontal webs of fine silk, but the strands are all oriss- | 
crossed and not arranged in a neat pattern as they are in the 
web of the Garden Spider. Although cobwebs cling, the 
threads are not covered with sticky substance. Seen under a 
hand lens they are quite smooth. j 

In autumn, especially after heavy dews, hedgebanks may be j 

seen to be thickly studded with the webs of another cobweb i 

spider Agelena labyrinthica (aj-el-eena lab-er-rintli-ika). A rather | 

funnel-shaped mass of cobweb leads into a silk-lined tunnel at ! 

the bottom of which lurks the spider which can often be | 

tempted out by twiddling a grass stalk in tlic web. I'hc spider j 

presumably mistakes the vibrations set up for those caused by j 

the struggles of an insect, and comes out to investigate. Usually | 

it comes no further than the entrance to the tunnel before it ■ 

discovers.its error and retreats. ! 

The Common Water Spider is another of these cobweb i 
builders,, but in this ca.se the web is woven under water and 
is used to imprison air. At first the web is horizontal, but as j 

the spider brings down bubbles of air entangled in the hairs . 

of its abdomen (compare p. 265) and releases the air below .! 

the web where it is trapped, the web becomes bell-shaped. ? 

The Water Spider spins strands of silk from the bell to sur¬ 
rounding weeds, and often travels along these instead of 1 
swimming. When it catches food, it retires to the bell to eat it. 

Spiders are not a satisfactory group to collect. They cannot I 
well be set on cards like insects because the contents of the I 
abdomen become rotten. However, if you wish to preserve 
specimens, they can be kept quite well in tubesmr small bottles 
of turpentine or methylated spirits. 
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A final word of warning may be needed to prevent you from 
mistaking harvestmen for Spiders. It is true that they are some¬ 
what similar, especially in that they have eight legs, but a 
glance will serve to show you that the narrow waist, which 



connects the head-thorax with the abdomen in spiders, is 
absent. The body of a harvestman, in fact, is one piece and 
the abdomen is connected to the thorax along its entire width 
(Fig. no). 

The main points of difference between insects, spiders, and 
harvestmen, are given below: 


INSECT 

SPIDER 

HARVESTMAN 

Six legs 

Usually wings 

Body usually divi¬ 
ded into three parts ^ 

Eight legs 

No wings 

Body divided into 
two parts 

Eight logs 

No wings 

Body not divided 
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CHAPTER TWENTY 


Woocllice 


"O^OODLICE must be familiar to nearly everyone. Tlicy 
^ ’ are found, often in great numbers, under large stones in 
rockeries, behind the loose bark of dead tree trunks, under logs 
on the ground, and in piles of rubbish left lying about the 
garden. Indeed, they frequent most places where the air is 
damp and the liglit docs not penetrate. 

There are about twenty kinds of British woodliec. Tiie one 
I shall describe is called the Garden Slater. Its .scientific 
name is Onisms mllus (on-isk-us a-scl-lus). 

The Garden Slater is about | inch long. When viewed from 
above, its body has an oval outline witli blunt ends and the 
body is seen to be made up of a number of narrow segimnits 
(Fig. Ill), It is a steely blue colour with a chain of yellowish 
spots along each side near the margins, which arc also yellowisli. 

The head is the first of the visible segments. It curries on its 
undersurface a number of mouth-parts or jaws, but these arc too 
small to be perceived distinctly with a hand lens. In addition 




Right walking 
Leg fS'O 


Fig. II2.— Semi-diagrammatic drawing of the 
fifth thoracic segment of the Garden Slater, 
to show the brood pouch, (Re-drawn from 
Sillem and Webb: The British Woocllice, 
Duckworth,) 
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there is a pair of eight-joined antenuce, but the segments of the 
antenn® are not all the same size. The three apical segments 
are more slender than the rest, and together make up the 
01 'jlagellum of the antenna (Fig. in). The remaining 
segments form the 
peduncle. Near the 
bases of these antennae 
you may be able to 
see a second pair of 
tiny antennae, each 
consisting of three very 
small segments. On 
each side of the head 
is a conspicuous com¬ 
pound eye which is black in colour and has about twenty 
prominent rounded facets. 

The seven segments immediately following the head are all 
alike, and together form the thorax. Each of these segments is 
drawn out at the sides into thin plates or flanges, and bears two 
legs on its undersurface (Fig. 112), so that in all there are 
fourteen of these legs. 

The thoracic legs can be seen only by turning the woodlouse 
on to its back. Each leg consists of five segments, the last two 
of which are fringed with rather stifl* bristles. At the end of 
each leg is a tiny claw. 

The remainder of the body is made up of a further six seg¬ 
ments. These together form the abdomen, which is only about 
one-quarter the length of the whole body. The last abdominal 
segment bears two pairs of stout processes; the outer process 
in each pair being the thicker, and consisting of two segments. 
Between the pairs of processes is a flatfish central spine called 
thetelson. 

Each abdominal segment, except the last, has a pair of 
structures on its undersurface. These are flatfish plates, and 
the plates of the various segments overlap one another to a 
considerable extent. These plates are really much altered legs 
and they form the breathing organs of the woodlouse. Because 
they are so very delicate, the breathing organs tend to shrivel 
very rapidly in dry air, an event that results in the death pf the 
woodlouse. That is why woodlice are found only in moist places. 

You may easily make an experiment to find out if woodlice 
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do really need moisture in order to live. Place a few woodlicc 
(c.g., four) in a tin, together with enougli dry cotton wool to 
cover the bottom. Put the same number and the .same amount 
of cotton wool in another tin, but on tliis occa.sion damp the 
cotton wool with water. Fit the lids on the tins and inspect 
the woodlice at daily intervals. You will soon sec wlicthcr or 
not the dampnc.ss makes any difference. 

Female woodlice lay eggs in early summer. The female keeps 
the eggs in a special “brood-poucli”, which is developed on the ! 
underneath of the second, third, fourth and fifth thoracic seg¬ 
ments. Plates grow out from the bases of the legs on each side, 
and overlap in the middle line, making in 1:his way a chamber 
under the thorax. Fig, 112 sliould make this clear. I’he young ! 
woodlice remain in the brood poucli liir some time after they 
liatch from the eggs. As the young woodlicc grow lugger, they 
moult several times. 

The food of woodlice consists partly of vegetable matter and 
partly of animal. The woodlicc come out into the open at 
night, and may sometimes be discovered, by means of a torch, ! 

feeding on the leaves of young seedlings. Moulting woodlicc, | 

whose skin i.s .soft, an; said to be eaten by their own kind. 

The animal called the Common Woodlouse {Amadillidium 
mlgare, (ar-ma-dil-icl-dc-um viihgarc-c), is actually not so 
common as the Garden Slater (Fig. mb). Its body is | 
narrower, and strongly arched. It is a shining slaty-bhic in 
colour. The paired processes at the tail end arc not visible as 
the animal walks. When touched, members of this species roll 
into a tight ball so that the top surfticcs of the segments are the 
only structures visible. These creatures are more common in 
the south ofEngland than in other parte. - 

Another kind of woodlouse Phtyarthrus kffnmnsegi’ii (plat-c- f 
ar-thrus hof-man«sej-e-ee), is found living in the nests of certain ; 
kinds of ants. This creature has a broad flat body wliicli is 
white in colour and covered with small wart-like swellings. * ^ 
The lash of the antenna has only one segment, and there are no ? 
eyes. The ante pay no attention to the woodlouse. When the 
ants change their nesting place, the woodlice follow to the 
new nest. 

Woodlice belong to the group of animals we call Cmsimmm, 

Other members of this group are lobsters, crabs, shrimps, and 
prawns, in addition to many freshwater forms. Indeed, most ; 
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crustaceans live in water, either fresh or salt. If you collect 
with a net in fresh water, you are certain to come across many 
of the smaller forms. I will mention three lands only. 

Cyclops (Fig. iig^). _ These are quite small creatures, 
about as big as a small pin-head, which swim actively in short 
jerks. They can be recognised because the females carry the 
eggs in two small masses attached to the body, one on each 
side near to the tail. They are given the name Cyclops because 
they have only one eye which is placed in the centre of the 
forehead. (Cyclops was a one-eyed giant in the folk-tales of 
ancient Greece.) Cyclops make good food for Hydra (see p, 99). 




Fig. 113.'—(a) female Cyclops; [b] Water Flea (Daphnia). {Both X15.) 

Water Fleas (Fig. 113/;). When fully grown these creatures 
are larger than Cyclops, Seen from the side, they are rather 
square in outline. They swim by vigorous strokes of a pair 
of large antenme and move through the water in a jerky 
manner. They arc common in ponds that contain much 
rotting vegetable matter. 

Freshwater Shrimps (Fig. 114). These creatures are found 
in running water and several may often be discovered on turning 
over a large stone in a brook. The males are about | inch 
long, the females .smaller. The body is flattened from side to 
side, and of the general shape shown in Fig. 114. Freshwater 
shrimps swim about on their sides, either by straightening out 






Fig, n4.---Frosli Watoi\Slirimp, Gflmwrtj’M.s. ( X3.) 


the curved tail with a flicking movement, or else Iry paddling 
with the limbs. During the breeding season the males carry 
the females around with them, the i)ack of tlic female lying 
against the imdersurface of the male. 

KEY TO THE GENERA OF BRITKH WOODLICE 


I The two divisions of oiieh of tlio tail appondagoa 

alike in slmpo 8 

The outer divisions of the tail appendages hroader 
than the mpor 3 

of Tail appendages projeobing vp-hon the animal walto ^ S 

\ Tail appendages not projecting when animal walks AmuuUUulmm 

{ Flagellum of antenna with ono segment; eyes 

missingi habitat, ants’neats Flutyarthm 

IflagoUum of antenna with two or moro sog* 
ments) eyes present 4 

if Flagellum of antenna with two segments 6 

*\Flagellura of antenna with tkeo segments C 

g f Abdomen broad; head with laterallohos Onism 

\ Abdomon narrow; head without lateral lobes Philoam 

rtf Animal ablo to rolUnto a complete ball (Jylistkus 

\ Animal not able to roll into complete ball 7 

[ Abdomen broad; a projecting lobe on the front of 
7- thehead ^ ^ ^ Ptmllio 

, Abdomen narrow; frontal lobe not developed ; MetopomotJm 
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' Flagellum with ten or more segments; tail appen¬ 
dages wholly visible; head without lateral lobes 
8 ■ Flagellum with less than ten segments; tail appen¬ 
dages partly covered; head with small lateral 
lobes 

gf Abdomen broad; body large; habitat the sea-shore 

\ Abdomen narrow; habitat wet moss 

fByes compound 
■^^lEyes simple or absent 

' Flagellum with four joints 
ir Flagellum with three joints; back with longi¬ 
tudinal ridges 


Ligidium 

Tricimisem 

11 

Tnchoniscoides 

Haphthalma 


The genera may he grouped according to the number of segments in the 
flagellum, as follows: 


NUMBER Of SEGMENTS 


■ ELAGELLUM 

GENUS 

One 

Platyarthrus 

Two 

Armadillidium 


Porcellio 


Metopornothus 

Three 

Philoscia 


Haplothnhnus 

Four 

Trichoniscoides 


Trichoniscus pusillus 

Five-seven 

Trichoniseus vividua and T, roseus 

Ton or more 

Ugia 


Ligidium 


SPECIES OF BRITISH WOODLICE 

(The following descriptions are taken mainly from The British Woodlice, by 
SiUem and Webb (see p. 328). A few very rare species of British Woodlice 
arc omitted,] 

(1) ocettmea (lij-e-aho-se-an-ika). 3 cms. in length. Lives among 
roclrs on the sea-shore. 

(2) Trichoniacus pusillus (trik-on-isk-us pew-sil-lus). This is a tiny 
species found commonly amongst the roots of herbage in very moist 
places. It has a homy translucent appearance and is of a redtoh- 
brown colour. It runs with considerable speed, and when it is 
moving the white lines with which it is beset are not evident. T, 
pusillus is very lilco T. w'w’dMS in colour, but the latter species is 
nearly twice as big, and has from five to seven segments in the 
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flagellnra, whereas the former never has more than four. I’he body 
of T, pumllus is smooth and polished. Fairly coimnon, 

T. vividus (viv-id"us). Claret-brown in colour; under a Imnd Ions 
it is seen to be marbled with white. Tho nuinbor of segments in 
the flagellum varies from live to seven. The body is nearly sinootb, 
with a few scattered, very small, tubercles. Found only in Ireland; 
rare. 

T. mem (roze-e-us). A deep pink colour, with a yellow stripe down 
the back. Arranged in transverse rows on the body are largo 
tubercles, each of which will bo aeon, under a strong inagniflcation, 
to end in a tiny hair. Foimd in old gardens; fairly common. 

TrUdimmmhs sani (formerly Trkhmmm ullnd'un). It may be 
distinguished from T, vividm and T.romis by tho narrow elongated 
body. Tho white abdomen is narrow, and t/he aide plates are saw¬ 
like along their edges. Very rare. 

(3) Eaplothalmus menriii (haplo-thahmus mon-jo-oo). Thorn is a 
riiirabor of raised longitudinal riba along each segment of tho 
thorax, tho outer ridgoa being somewhat lirokon. d'wo prominent 
ribs are present on the third segment of tho abdomon. Hare. 

H, danmis (day-nik-us). Bows of tubercles are jireaont on tho 
thorax instead of ridges, and there are no rilia at all on tho abdo¬ 
mon. The front of tho head projects further, and Ihrms a more 
aciuto point, than in IL mmgii, and H. danima is not so purely 
white in colour as the latter species. Rare. 

(4) Onimus asellus (on-iak-us a-sol-his). Slaty grey, with yellowish 
markings. Young specimens often do not have throe distinct seg¬ 
ments in the flagellum. Common in moist situations. 

(6) PMhsda.muscomn (fil-osk-ea iniis-skor-um). Cluefly found at tho 
roots of grass and under stones and other objects lying cm grass. 
The body is smooth and shining. Oharactorlstie dark markings are 
present down the middle of tlio thorax and on tho sides, with 
lighter patches between. Fairly common. 

P. cciwfi?iTO-(kouoh-o-eo). Load-grey in colour; the antonn» very 
large and hairy. Inhabits tho sea-shoro; rare, 

(6) Pldtymthm hofjmameggii (plat-e-ar-tbrus hofl-man-soj-o-cm). Body 
white, covered with tubercles. The edges of the sicle plates are 
toothed, and the flagellum has but one segment. Eyes are absent. 
Found in the nests of ants. Very common in some parts. 

(7) P.okdlio flfial!)®?' (por-ael-lo-Q skay-ber). Dark grey, sometimes quite 
red or variegated • with yellow, Densely covered with tuborolas, 

the flagellum are tho same Icmgth, and to¬ 
gether are equal in length to the last segment of the pedmiolo. 
'■ ''Ooinmon, " 
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P. pictiis (pik-tus). Hoad black, with outwardly curved lateral : 1 

lobes. There is a dark band down the middle of the back, and | ■ 

commonly two others on each side, with more or less conspicuous [ 

inarkinga in between. Tubercles are present on the body. The ' p; 

distal segment of the flagellum is only half the length of the ' I'l 

proximal one, and the last peduncular segment is longer than •'( 

the two segments of the flagellum combined. Fairly common. ' [; 

P. dilatatus (dy-late-ay-tus). More than half as broad as it is long; :■'' 

tuboi’culated, and a lighter grey than P. scabcr. The last pedim- ' U 

cellar segment is longer than the flagellum. Foimd near houses. ' ;r 

Common. I' 

P, rathkei (rath-ke- 00 ). There is often a light band down the back, 
and one on either side. The body is smooth. The distal segment , 

of the flagellum is tho longer, and the flagellum is equal in length . ; 

to the last segment of the peduncle. In open fields; fairly common. ■; 

P. lams (loo-vis). The body is light grey with irregular markings; i 1':' 

smooth. The large size of this species, and tho long tail appendages 

will help in identifying it. The terminal segment of the flagellum is ••' 

slightly tlio longer, and the flagellum is equal in length to the last 

segment of tho peduncle. Usually found amongst vegetable !, 

rubbish near houses. Fairly common. ,' ' 

P. mtohurgii (ratz-bur-je-ee). The frontal lobe is semi-circular, - '!,■ 

and tlie lateral plates of tho thorax flank the head to a consider- ' |' 

able extent. Granulations are present on the middle segments, 
aufl tho sides of the body are more nearly parallel than in other 'p 

spocie.9 of PorceUio. The terminal segment of the flagelliun is nearly j- 

twice as long as the other, and tho flagellmn is shorter than ' 1 

tho last segment of the peduncle. Rather rare. ‘ !; 

(8) Mctoponioifi.wspm’nosiM (met-o-pawr-no-thusproo-in-ose-us). Un- 

dfimagod specimens aro'a beautiful bluish-grey colour, owing to a , \ 

“bloom” which is easily brushed off, revealing a dark reddish tint ' 

beneath it. Antennoe are long and have white markings on them. ; I, 

Fairly common. ‘ h- 

M. cmf/endiis (sing-en-dua). Steel blue with rod or yellowish spots. , 

It has a raised line across each thoracic segment and its abdomen ^ ‘p 

is narrower than in M, pruinoaus. Rather rare. ' 

(0) Cyishms comicaiMa (sil-is-tik-us con-voks-us). The side plates of 'I'p’ 

the first thoracic segment entirely flank the head.. The sides of V 

tlie body are straight and the back is arched. Fairly common. 

(10) Amadillidkm msaium (ar-ma-dil-lid-e-um naze-ayt-um). The ' 

body is a delicate brownish-grey, with more or less distinct rows 
of darker marldngs. It has a narrow but very prominent frontal './)■ 

lobe, which is almost square and curves somewhat upwards and ■ ifl 

backwards. The segments of the flagellum are approximately equal, , ^^ i 

' _ . (sit 

■ ' '1 : 
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and together equal in length the last segment of the peduncle. 
The telson (tail plate) is as long as it is broad at the base, and tapers 
to a rounded point, while its sides are slightly incurved. The outer 
divisions of the tail appendages are considerably longer than broad 
and are more or less paddle shaped. When rolled up, the animal 
does not make a complete sphere, and the antonnai are not liidden. 
The body is smooth. Rather rare. 

A. vulgare{m\-gm- 6 ), Common or Pill Woodlouse (Fig. lllh). The 
colour varies from slaty-grey to yellowish. The body is smooth, 
shining, and strongly arched. The frontal lobe is not large, though it 
is broad, and its margin where it joins the head is rounded and 
slightly recurved. The terminal segment of the flagellum is some¬ 
what the longer, and the two combined are, as in A. nasatum, 
about the same length as the last segment of the peduncle. The 
telson has the form of a triangle with the angles out off. The outer 
divisions of the tail appendages are considerably broader than 
long. The animal rolls itself into a perfect sphere. Common. 

A. puhhdlum (pul-khol-lum). The smallest British species of 
Armadillidium. The coloui’ is a dark brown, and there are four 
principal series of light patches nmning down the back, and less 
well marked variegations in between them. The body is smooth. 
The frontal lobe projects so as to make the head somewhat tri¬ 
angular. The antenna) are short, and the terminal soginent of the 
flagellum is three times the length of the otlior, wliilo the two to- 
gether are not as long as the last peduncular sagmont. The telson 
is out off square at the end so that it is by no means as long as 
it is broad at the base. Rather rare. 

i, deprmum (de-press-um). Slaty-grey, with yellowish markings, 
the body is flatter than in other species, and boars tubercles. The 
frontal lobe is very prominent and much recurved, and the first 
thoracic segment appears to have the head completely embedded 
in it. The two segments of the flagollmn are nearly equal in length. 
The telson is slightly longer than it is broad at the base, and its 
sides are incurved. Rather rare. 


't 



PART III 


CHAPTER TWENTY-ONE 


Territory and Migration in Bird Life 

[ Tmitory 

TOURING the last twenty or thirty years, the study of living 
■^birds in their natural .surroundings has disclosed a number 
of interesting facts about bird life and behaviour. One of the 
most interesting that has been brought to light is the manner 
in which a number of birds of the same species, living in the 
same domain, will divide that domain into smaller areas, each 
of which is owned by one or a pair of birds. In this way the 
countryside is parcelled out into territories, and the owner of 
a particular territory will defend it stoutly against trespassing 
birds of the same species. 

The boundaries of a particular territory are usually fairly 
definite, being marked by such natural objects as hedgerows, 
streams, or clumps of bushes, tliough this cannot be so with 
birds living in the open fields, such as lapwings. The boun¬ 
daries may change during the year, perhaps because the owner 
of a neighbouring territory is killed, or because new birds 
arrive and succeed in establishing themselves. 

I The size of territories for the smaller singing birds varies 
; from about half an acre up to three acres, but it is not yet 

( possible to lay down a definite rule because our knowledge is 

i insufficient. In some cases birds may occupy the same terri- 

; tory lor two or more seasons, but more often a bird possesses 

a new territory each year. 

Some of the best work on territory has been done in connec¬ 
tion with Robins (Fig. 115). When robins are moulting during 
July and early August there is no ownership of territory; but 
in September each male robin, and an occasional female, takes 
possession of an area of land and defends it as best he can 
i against other robins. The defence is carried out by means of a 

I 
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iuul quavrica, wlittreas the vnioccupiecl areas ani mostly (jpen fields. 

(Rediwii from The Life w/ the Robin. Witlierhy.) 

threatening display, by singing, and by actual figlitiiig. It is a 
remarkable fact that song is used as a weapon, but such is the 
ease, and this “fighting song” is particularly line. Many 
icrritoriararguments are settled solely by a kind of singing 
match. The two disputing birds will sing at one another until, 
linally, one gives in and Hies away without any actual light 
having taken place. Even when sculHes do occur, the light may 
be broken off for short intervals during which both con- 
testants sing loudly. It may be that the song, like the battle 
cries of warriors, strikes fear into an opponent. Whatever it 
may be, it is obviously an advantage to the species if disputes 
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can be settled in this harmless manner, because robins have 
already a sufficiently hard struggle for existence and it would be 
most undesirable if they were to fight so violently as to wound 
or kill one another during these frequent territorial wrangles. 

It has been shown by experiment that a robin which owns 
a particular territory will fight and usually vanquish any other 
robin tliat trespasses, but, if the first robin happens to stray 
into the territory of the second, then the tables will lie turned 
and he will fight only lialf lieartcdly as if he knew himself to 
be in the wrong, and will soon be defeated. In other words, 
wlicn a robin is at liomc he fights valiantly, but when he is 
trespassing on anothcrls territory, he resists but feebly and is 
likely to be driven off easily. This is another reason why these 
territorial disputes seldom result in death. 

As a rule robins do not live more than two or three years 
—the hazards of existence are too many—so vacant areas 
are not at first difficult to find. If a male robin without terri¬ 
tory is discovered on another’s territory he will be furiously 
attacked, and, as we have seen, in all likelihood driven away. 
As soon as lie passes over tlic territorial boundary, the attacks ^ 
of the outraged owner eis'isc. Now if tlic trespasser returns 
repeatedly, the attacks on liiin gradually lieeome weaker and 
weaker until finally he will snccecid in establishing himself on 
part of tlic territory. If he can gain pieces of territory in this 
way from other neighlioming robins, the new-comer will 
finally be the owner of a suitable area, while the other terri¬ 
tories will have become reduced in size. 

■ In December and January, the female robins join the males 
and form pairs. At this time males in possession of territory 
sing loudly, especially in the early morning. This behaviour 
is friirly general among those liirds that have the territory 
habit. In those birds that pass the winter in other countries 
but come to England to breed, it is usually the males tliat 
arrive first and c,stablish themselves hi territories. Then they 
sing loudly, often from favourite “singing-posts” such as the 
top of a gate or a special branch high up on a tree. Blackbirds 
and thrushes show very well this use of favoured singing-posts. 
We must regard this vigorous singing partly as a warning to 
other male birds of the same species that the territory is occu¬ 
pied and will be defended, and partly as a sign to female.s in 
search of a mate that here is a male bird pos.ses.sing the ncces- 










202 


PATTERNS OF LIFE 


sary territory and in need of a mate. After pair-formation, the 
female soon learns the extent of the territory for, as soon as 
she strays into neighbouring territories, she will be chased back. 
In some species of birds the females help in defending the 
territories against intruders. Usually it is only intruders of 
the same species of bird that arc attacked, while other birds 
are not molested. 

There has been a good deal of discussion as to tlie actual 
value of the territorial system in bird life. There can be no 
doubt that it causes the birds of a particular species to be more 
or less equally distributed over the available breeding areas. 
In normal seasons when food is abundant this might not much 
matter, but in the occasional hard seasons, when food is scarce, 
it is clearly an advantage. Anotlier point is that it ensures an 
area around the nest in which other birds of tlie same kind 
are not allowed to collect food, so that when the young arc 
nearly full grown and require a large amount of Ibod, a good 
deal of this may be found near to the nest and so save the 
parents time in flying to and from the ieeding ground.^ On the 
other hand, we must not forget that other birds, which may 
eat the same lurid of food (food competitors), may be tolerated 
in the territory. 

I mentioned earlier that it is usually the male robins which 
take over territory in the autumn, with only a mucii smaller 
number of females doing so. You may have wondered what 
happens to the rest of the lemales during the winter. Although 
.some of them do stay in the countryside, there is no doubt that 
others leave England for the winter and come back again in 
the spring. This brings us to the general problem of binl move¬ 
ments and in particular to those regular mass movements of 
birds we call migrations. 

Bird Modements 

It is extremely difficult for any one individual to find out 
much about bird movement by personal observation, and it 
is only in the last half century, when many bird lovers and 
natural history societies in various countries have begun to 
compare notes, that any real picture of bird movement has 
been obtained. There a]:e now observation po.sts scattered all 
over the world, where people make records of visiting birds. 
By comparing lists from the various places, it is possible to 
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get a fair idea of the movements of certain lands of birds. In 
addition there are now bird-ringing schemes which have as 
their object the placing of numbered rings on the legs of birds. 

The Brhish scheme is run by the British Trust for Ornith¬ 
ology.* I he Trust issues special bird rings to its members. 
The rings are very light and each ring has a number stamped 
on it. 


Ihe people interested in bird-ringing either place the rings 
on fledgelings, just before they are ready to leave the nest, or 
else they trap adult birds and place the rings on them. In any 
case the bird must not be injured. The kind of bird, the place, 
date, and the number of the ring are written down and finally 
sent to the headquai’tcrs of the Trust. Out of all the birds so 
ringed some are ultimately found dead or else are trapped, 
again. If the person finding such a bird sends the number 
of the ring back to the headquarters of the Trust, valuable 
information about the age and movements of this bird is 
gained. In these ringing-schemes there are arrangements for 
various countries to work together. 

If you wish to help in the actual ringing you will have to 
become a member of the Trust—the membership fee is los.; 
but in any case you should always examine any dead bird you 
find to see if it has a ring on one of its legs. Incidentally, a 
similar scheme of marking fishes with metal tabs has been 
operating for some years. 

This ringing-work is interesting for those with a love for 
wild birds, but results are slow to come in and very many rings 
are never recovered. However, we now have a good deal of 
information about the movements of birds and it is possible 
to divide British birds roughly into four classes according to 
their yearly movements. These classes are:-' 

(1) Re.sidents 

(2) Summer Residents 

(3) Winter Residents 

(4) Birds of Passage, or Transients 

Residents are birds that normally spend the whole of their 
lives in Britain, though they may move about from place to 

♦itB hoadquartera aro at the Bird Koom, The Britisli Museum {Natural 
History), London. S.W. 7 . 
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place to some extent (e.g., tlie yellow hammer). Other resi¬ 
dents are rooks, blue tits, house sparrows and blackbirds 
(although some blackbirds leave England during the winter). 
Indeed, it is now becoming clear that many birds which were 
previously regarded as true residents are not entirely so. While 
the majority of a species may stay in the British Isles through- 
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Fig, 116,-(a) and [a') Blue Tit; {h) Great Tit. Both are resident 
in Great Britain, 

out the yea.r, some of its mcmliers may leave for the continent 
at various times. This is true of staidings, wrens, and song- 
thrushes, as well as of blackbirds. Ilowever, the residents 
form the bulk of the birds one sees in winter and, as explained 
on p. 298, they may find it difficult to obtain food at this time 
and many perish of hunger. Gold by itself is not such a serious 
danger (see p, 299). 

, Summer IIesidents. In this class are all those birds which 
come to breed in the British Isles during the summer months. 
They have spent the winter in the warmer countries of the 
south, especially Africa. During our winter they would be 
unable to find kifficient food, e.g., swallows live entirely on 
insects, and insects are very scarce in winter, but in the warmer 
countries suitable food is abundant. Towards the end of 
March and the beginning of April they set out towards the 
British Isles and other northerly countries. When they arrive, 
they nest and rear their young. Then, in autumn, they depart 
again before winter sets in. I suppose everyone notices the 
arrival of the swallows and the cuckoos, as these birds make 
themselves so obvious, but there is a whole host of summer 
residents in addition to these: the nightingales, whitethroats, 
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fly-catchers, nightjars, and many others, whose arrival is 
likely to be noticed only by those specially interested in 
birds. 

I'lere is a list of a few of our summer residents, together with 
the places where they spend the winter and the usual time of 
their arrival in numbers. The actual time of arrival varies 
from year to year and, of course, is earlier in the south of 
England than in the north of Scotland, because it takes the 
liirds about a fortnight to make their way through England 
into Scotland. 

The migrant birds of any species do not all arrive on 
the same day. A few early ones come first, followed a little 
later by the main body and thereafter by a few late stragglers. 
In many species the males come first and occupy territories so 
that all is ready when the females arrive a week or so later. 


SUMM.EE 

RESIDENT 

COUNTRY WHERE WINTER 

IS PASSED 

TIME OF ARRIVAL OF 
MAIN BODY IN 
ENGLAND 

Yollow Wag. 
tail 

N., Tropical, and 
Equatorial Africa 
Tro|)ical, and Equatorial 
Aliica 

April 8th 

Whitethroat 

April 12th 

Chiff-chaff 

S. Europe, N. Africa and 
Sudan 

March 20th-May 3rd 

NightiiiKalo 

Tropical Africa 

April 13th-May 9th 

Spotted My- 
catchor 

South Tropical, and 
Southern Africa 

April 28th-May 28th 

Swallow 

Tropical, Central, and 
South Africa 

March 31st-May 16th 

Cuckoo 

:Equatorial, S, Tropical, 
and Southern Africa 

April 9th-May 22nd 

Nightjar 

Equatorial, S. IVopieal, 
and S. Africa 

April 28th~May 26th 


Winter Residents are birds that breed much further north 
than the British Isles, often in the arctic circle where during 
the summer months there is a plentiful supply of food and long 
hours of daylight in which to collect it. As you are aware, 
in summer the days grow longer the nearer one gets to the North 
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Pole, and at the Pole itself there is continuous daylight for six 
months. When winter comes on, however, conditions within 
the arctic circle are very rigorous, so that the birds are forced 
to move southwards, and many manage to live in the British 



Isles, especially oh the mud flats and salt marshes around the 
coasts, as these are not likely to be frozen for any length of 
time. In spring the winter residents move oil:' northwards 
again to breed, Here are a few winter residents with the 
countries where they breed in summer. 
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WINTER RESIDENT 

OOUNTRY WHERE SUMMER IS PASSED 

Waxwing 

Brainbling 

Little Auk 
Fieldfare 

Jack Snipe 

Snow Bunting 

N. Finland, E Russia, Siberia and Arctic 
America 

Norway, Lapland, N. Russia 

Greenland, Iceland, Spitzhorgen 

Northern Europe and Western Siberia 

N. Scandinavia and Siberia 

Arctic Europe, America, and Siberia 


Birds of Passage are birds that nest in the north and winter 
in the south. On their migration flights, they pass through the 
British Isles but stay for only a few days. Arctic terns breed 


in the arctic but migrate 
almost from pole to pole to 
winter in the antarctic. In 
many bird species, some of 
the individuals stay the winter 
with us and so are winter 
residents, while others pass 
straight through the British 
Isles and consequently are 
birds of passage (c.g., field¬ 
fares). 

This simplified account of 
migration applies to birds of 
the British Isles, but is of 
course not the whole story 
of bird movements. In the 
tropics there may be definite 
migrations in connection with 
the dry seasons, for drought 
just as much as cold is 
unfavourable to life. Even 
in England there may be 
considerable movements of 
birds in response to food 
supply. For instance, owls 
and hawks will move to 
regions where there is a tem- 



Fig. iiS.—Two route!!! followed by 
swallows migrating to South Africa. 
Notice how the birds avoid the great 
desert area of the Sahara, 
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porary plague of Held mice. Again, sewage farms and the mud 
flats around the coast attract a lot of birds in the winter. 

Migration is still somewhat of a mystery. If migrants are 
imprisoned in cages, they may kill themselves in efforts to 
escape. How the birds know which direction to take is a com¬ 
plete mystery, and we hide our ignorance by calling it their 
“instinct”. In many cases tlie old birds leave first, and the 
young ones follow a few weeks later, so there is no possibility 
that they are shown the way by their parents. This holds true 
of cuckoos, since the adults leave in August and the young do 
not follow until September. It has been suggested that the 
few extra weeks the youngsters stay are required for them to 
become strong enough to undertake the long journey. 

Migration appears to take place along definite routes, some 
of which are fairly well known to us (Fig. 117). For instance. 
Fig. 118, shows two of the migratory routes taken by swallows 
to rcaclr England from South Africa. Routes for many other 
birds are along tlie coasts of the British Isles, and this is one 
of the reasons that certain islands (e.g., Skokholin off Pem¬ 
brokeshire) and lighthouses and liglit; ships (e.g., The Kentish 
Knock) are favourite visiting places for those interested in the 
study of migration. Local bird watchers know when to expect 
certain birds to appear at particular places, and records show 
agreement over a number of years. 

You may have wondered by now why it is that you have 
never seen huge flocks of birds migrating. The answer seems 
to be that in the British Isles most migratory flight takes place 
at night, and on clear' nights the birds fly high, and mainly 
along coastal routes. You can, in late .summer, observe^ 
swallows “flocking up” in great numbers on telephone wires 
and such like places a few days before they comrncnce their 
journey southwards. During November, if one listens care¬ 
fully in inland areas, the calls of migrating redwings may be 
heard on even the darkest of nights. \ 

Migration is a hazardous undertaking, and many birds are 
killed or die on the journey. A considerable numljcr of birds 
lose their way and never reach their destination. We must 
assume that these arc birds in which the “sense of direction” 
is but poorly developed. There seems to be no doubt that 
many animals and some of the lc.ss civilised racc.s of man do 
[xissess such a'sense of direction, 


CHAPTER TWENTY-TWO 


Colour in Animals 

"yyE have seen that colour in the petals of flowers has to 
' ’ perform a task, the task of attracting insects to the flower 
so tlnat pollen may be carried to the stigmas and so bring about 
polliiiation._ While it may be going too far to suggest that 
colour in living things always has some significance for the 
organism that is coloured, we can usually see that an animal’s 
colour is of some use to it. Often the use is that of advertise¬ 
ment, or concealment, or disguise. In plants, colour is used 
mainly for advertisement, as in the brightly coloured fruits 
which it is to the plants’ advantage that birds shall see and 
eat, or in the brightly coloured petals which attract insects. 

Anyone who takes an active interest in plants and animals 
soon comes to realise that in the wild state, more young are 
created than can grow up into adults. In one year a pair of 
blue tits may have as many as twenty babies; yet, since the 
number of blue tits does not increase year by year, it is obvious 
that most of these young tits will die or be killed before they 
arc themselves able to have young. Or, to take another 
example, if you go to a meadow and find a buttercup plant, 
and count the number of carpels in a flower and the number 
of flowers on a plant, you will realise that all the buttercups 
in that meadow must together produce an enormous number 
of seeds. Similarly, in a Warwickshire bluebell wood I esti¬ 
mated that as many as 5,000 bluebell seeds were produced for 
every square foot of the wood. In spite of this fecundity there 
will not be appreciably more buttercups or bluebells next year 
than there arc this year. The same is true of frogs, field mice, 
sticklebacks, and all other living things; the numbers in a 
particular place remain, iiv general, fairly constant over a 
period of years . 

It is obvious, then, that all plants and animals must undergo 
a constant stniggle for existence, and that, for various reasons, 
most of the young fail to live long enough to become adults 
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FitJ. n(j.--J''aniiliar objcctH may lie recognised from their outlines 
ulone. How many can you recognise hero? For key to the 
picture, sec p, 304, 


;iti(i reproduce. In tliis struggle eacli specks has certain 
features wliirdi tend to hel]) it to survive: examples are offen¬ 
sive weapons such as the .stings of wasps or the poison fang.s of 
snakes; the capacity to use a wide range of substances for food 
as in rats and mice; the ability in plants to ripen seeds in 
unlavourable conditions, to withstand severe conditions, or to 
grow in very shaded places. 

Colour is used by many, probably most, animals to help in 
this struggle for existence, and in this chapter I am going to 
describe'to you some of the more obvious ways in which it is 
employed. 

Colouring for Conmhmnt 

Colour is often u.sed by animals to conceal themselves so that 
they may escape the notice of their enemies, or to render them¬ 
selves less visible so that they will find it easier to catch their 
prey. 

We (and presumably other animals do so a,s well) recognise 
objects as solids because of one or more of the following four 
facts:— 


I (i) A solid presents to the eye an area of colour. That area 
of colour may differ from the colour of the surroundings, 
[ Ifit docs difier, then it will be visible as a solid. 

f (2) A solid may be thrown into relief by light and shade on 
[ itssurfiice. 

i (3) Eveiy solid body has an outline which separates that 
? which is the body from that which is not the body. It is 

j this outline which most fi:equently enables us to detect a 

' body as a particular kind of body, i.e., to recognise it by 

its shape (Fig. 119). 

f (4) Solid bodies may cast shadows. 

Anything tliat tends to eliminate any of the above points 
; will help to make a body less conspicuous. We shall consider 
the four points separately: 

, (i) Colour. Many animals have their bodies coloured the 

' exact tint of the background on which they are normally found, 

i You can sec this particularly well in certain caterpillars such 
as that of the Small Cabbage White Butterfly, or the green-flies 
feeding on rose trees and other plants. Very often the green 
^ colour is achieved by the animal itself being transparent so that 
V the green of the food it has eaten can show through. The 
Privet Hawk Moth caterpillar is green while it is feeding on 
privet, but, just before it is ready to pupate, it changes its 
colour to brown. As it pupates in the soil, this colour makes 
it less conspicuous when it descends from its food plant and 
travels over the surface of the ground looking for a suitable 
j place. 

You will already know that animals which live amid snow 
and ice are usually white. Even some British animals which 
in summer are coloured, change to white for the winter; for 
^ example, the stoat, which in winter (in the north) becomes the 
erminc—all white except for the tip of its tail. The ptarmigan 
is a bird that re.sponds in a similar manner. 

The common English frog is capable of changing its colour 
,'j to some extent. In cold damp surroundings, such as it would 
experience in the muddy areas ■ ai'oimcl ponds or in ditches, the 
frog becomes quite dark, but in warm dry surroundings where 
j there is plenty of light, frogs turn a bright brownish yellow, 




2 J 2 patterns of Ell'll 

thoup'li the bncly retail th<’ sliaq) black matte. The one 

2 away from water in summer are usually o tins colour 
Cu place such a frog in a large an with a little water and 
sink the tin hr die garden in a skU place, the frog will change 
to a much darker colour in a day or so. 

f2l Light and Shade. If the light is coming front above 
(c g the sky) the top parts of solids arc move brightly lit and 
llitu.ide.Ei.fa less bightly lit, faeimsc le olg ^ilUm^ 
some of the light. Hence, in nature, objects that ai. hi. s. rae 
colour all over apiJcar to be lighter on top and d.iiku iiiidci- 
nciith This shading device is much used by artists to give the 
■iimearancc of solidity to their drawings hg. lao). If an 
anS were the same shade all over, it would obviously stand 


a \ \ 
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ipcmiifyioiijdi'lp# 
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120,—In ordor to iniilce an object took liolid, 

■in iirtist wios iigkt and shade, Hio paith 
tot J t from tlio source of lii'ht will bo daAust, 
tho parts nearest the litflit source will bo 
brightest. 

vsharply as a solid, because its top part would be brightly 

iminatecl by light from the sky, while its lielly „ 

darker because the ammabs own ^ a, J 

* lidit But if the animars coat is claikti on ttic uacK 
liter on the belly, then, when it is illuminatcc from above, the 

rker back will took to dark and the lighter ““ 
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.I'lG, 121, — Olditcnitive counter- 
Hhading. Top left: this shows how 
an animal the same shado all over 
would look when illuminatod 
from above. Its ventral surface 
would be in shadow, its dorsal 
surface brightly illuminated, 
lienee it would stand out as a 
solid. Top right; this shows how 
mo,st animals are shaded; their 
ventral surfaces are much lighter 
than their dorSfUl surfaces. 
Below: when an animal coimter- 
shaded as in the top right figure is 
illuminated from above, because 
its top darker surface is brightly 
lit, and its pale ventral surface is 
in shadow, it becomes the same 
tone alf over and hence appears 
flat. These points can perhaps 
be better realised if the picture 
is viewed from a distance of 8^or 
9 feet, or through luilEclosed eyes. 













Fig i22A.~-Tlie iiger and snako above itre botlulistinctly 
' visiblo beciinse they have mibrokeii outliucH (see 
'Fig, 119). 


animal would not appear solid, but would «m to be wlwt w-c 
call “flat” (Fie. lai). If nn object is actually flat, it is dillicult 
to see it among numerous other objects coloured more or te 
the same. This was brought home to me when “S ’" 
the Tank Corps-the targets were the shapes 0 mm 01 gm 
cut out of flat wood, and tlicy were most dillicult to find in the 

™Vew many animals indeed have the type of shading that 
makes them appear flat.* They have their backs dark and 

* ObBemtive comitorabading. 
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Fig, I22B.—In these drawings the outlines have been 
broken up by bold blocks of shading, and the animals 
are now not nearly so obvious. The eifect can, be more 
easily appreciated if the picture is viewed from a 
distance, or through half-closed eyes, 

their bellies light in colour. Rabbits show this effect excel¬ 
lently. So do most fishes, as you can easily verify by looldng 
on a fishmonger’s slab. When they are lying on their sides, of 
course, fishes’ white bellies show up most prominently, but, 
when a fish is the right way up in water, it is most difficult 
to discern from above. In towns you may observe the effect 
in cats (except those cats that are all black or all white). Many 
times looking out of my window I have failed to observe a cat 
on the wall or in the garden until it moved, so well had its 
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colour concealed it. Movement, of course, betrays any scheme 
of camouflage, because the eye is very sensitive to llickcr . 

(a) Outline. Althougli we sec olijccts as .solids liecause of 
the effects of light and shade, we recognise tliem as iHirticidar 
objects because of their familiar ontline.s (J-’ig. I22a). If the 
animal is strongly coloured in .such a way tliat its (mlhiio is 
brokm up, then, at a .sliort distance it may be very easily over¬ 
looked, espcicially when it is in its natural home against a liack- 
ground which is similarly l)roken up by meaningless lilocks of 

colour (Fig. i22b). i • 

Many mollis show this effect very well. Against the plain 
white of a collector’s calhnet they sl:a,nd out distinctly, but 



Fig Head fit (oinimin Froj' 1» hliow how the pupil o 

the eye is nwsked by tlio wciIko of daiii colour; (b) the urn 
leu of a Common Frog shenving limv tlm nutlmcs ol I lu!_ lolUeil 
segment.'! are concealed by bands of darlc pignumt which are 
contimioufi from omi HOgimmt to another umm tk omim. 

resting on fitree trunk or wall they are mueb less conspicuous 
because here the background is broken up witii patches ot 
light and shade which merge with the. patclie.s ol colour ou 
thcmotlis (riatc VI). . 

A good cxiimplc of how the outline is broken up tiy pal,dies 
of colour is provide.d by the frog. When at rest its hind leg is 
coloured as shown in Fig. 123A It will be seen lliat the dark 
bars on each .section of the leg are so arranged that they arc 
continuous across the leg wkn it is Joldd. 'I his arrangement 
tends to break np the outline ofthe frog when it is rcstiiig. in 
the same way the black patch on tlie frog’s head tiiut just in¬ 
cludes the pupil of the eye tends to hide the eye (Fig. 1234 
This is important because the glitter ol the eye Irerpiently 
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betrays an animal trying to remain concealed and animals are 
compelled to keep their eyes open to observe the movements of 
enemies. 

( 4 ) Shadows. Shadows frequently give away the form of 
solids. I shall not consider them here except to point out 
tliat many animals reduce their shadows by crouching close 
to the ground when they are trying to remain concealed. 
Butterflies may even turn their bodies at that angle to the sun 
which casts least shadow. 

Warning Coloration 

Tlicre are some animals with the power to defend them- 
.selvcs if they arc attacked, and others that are unpleasant to 
cat. It is to the advantage of such creature,s to be distinctly 
coloured so tliat other animals may recognise them easily and 
thereby avoid tliem. 

Wc find tiiat tins group of animals usually makes no attempt 
at concealment, and tlic members are brightly and conspicu¬ 
ously coloured. Black and yellow in combination is a very 
common scheme, and you will already be familiar with it in 
wasps and certain of the bumble bees. Both these kinds of 
insects can inflict painful stings if they are molested. Certain 
caterpillars, such as that of the Cinnabar moth (Plate VII), and 
the pupa of the Magpie moth are similarly coloured and 
are unpalatable to birds, as you can easily verify by offer¬ 
ing them to fowls. Old experienced hens will probably have 
nothing to do with them, but chicks and young hens will very 
likely peck at them and then spit them out in obvious distaste. 
(If you make this experiment, remember that even old hens 
that have lived in towns all their lives may have had no 
experience of these insects and so may at first accept them.) 
Wild animals learn very quickly what is dangerous or disagree- 
a,ble, and, once a bird has tasted a nasty insect, it avoii 
similarly marked ones in future. Mammals also quickly learn 
to distinguish unpleasant objects, In 1940 1 had a kitten called 
Dixie that found a bumble bee’s nest in the garden. It watched the 
insects entering and leaving for some time and then tried to catch 
one with its paws. The bee became annoyed and clung to the kitten 
under its armpit. Dixie, though apparently not stung—its fur 
would prevent the bee’s sting penetrating—was nevertheless 
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iotf. n mrtifiilar noise with an unpleasant sensation. 

'“hi otfcV wlk butterflies are vei-y compieuous, but yon 

f Tirfibt SfS' b^^;:rtffi 

waia yomig spanw which had yet to Icam that white butter- 

si Ml Cy other auimab (e.g.. cats) Ims when 
bnakcs, ana y j^.^Ye a 

"=35s---n^r 

alUrougli hover M _ 1 [except 

fcfS wbrt espreialiy over flowers of the Composite family 
K”r They tave the ability to dart eitlier forwards or 

’"“Siation of a dangerous species by one to is hattoss 

t of British beetles look rather like wasps-^ 

‘ Bf^SeS bokmetly dte same a, the daug«om 
fArm it imitates If the resemblance is enough to suggest the 
SpomC; wild animals ustmlly picfer not to talte the 
rklf^andsothefrauclisnotchscovcrea. ^ 
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or body of the butterfly. A peck on the wing is not a serious 
matter for a butterfly for, even if the wing is torn, it can still 
fly quite well, but a peck on the body would either lull it or 
seriously disable it. In pecking the wing the bird probably 
discovers that the butterfly is not good to eat, and so discon¬ 
tinues its attack. It is certain that, if you catch a number 01 
coloured butterflies (particularly old specimens) you will find 
some with the marks of birds’ beaks on their wings, showing 
that they have been attacked (Plate VI). 

Colour in Courtship 

An entirely different use of colour in the animal world occurs 
during the courtship of certain species. Many male moths are 
attracted to the females by scent; but, at least in some butter¬ 
flies, there is good evidence that males find the females by 
sight, presumably recognising the particular pattern of the 
wings. If you leave the wing of a butterfly such as the Smoll 
Tortoiseshell in a garden near plants that are frequented by 
these insects, you may sec Small Tortoiseshells flying above or 
near the wing suddenly change direction and clii^ in their 
flight as if to investigate. This suggests that these msects do 
recognise one another by the wing pattern. That robins duiiiig 
the breeding season recognise rival robins by the red breast 
is almost certain, because male robins will fiercely attack 
dummy birds or even just the red breast ol a dead robin 
mounted on wire, but do not attack stufi'ed robins whose red 
feathers have been painted over. Red feathers seem to be a 
definite signal to robins. , .,, i , 

During the breeding season, the ordinary male sticklebacK 
develops a vivid red breast and a brilliant blue sheen around 
the eyes and front part of the body, and we believe that this 
bright colour influences female sticklebacks to lay their eggs in 
the nest constructed by the male. Similarly the bright colours 
developed by male newts during the breeding season, the 
development of brightly coloured patches of skin in certain 
monkeys, and the display of brightly coloured feathers by many 
birds at these times, are considered by naturalists to help in 
inducing successful mating. 
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Seeds and Seedlings 


TN Clnplrr (p. 20) I tixplaiiuxl wliat is meant by the word 
Imt'in order tliat you may be ctuim dear couccming 
the ditterence lietwcen a huit and a seed it is luxiessary to enter 
here into a little more detail ama'ming them. . _ 

We saw that the pistil (or female parts) ot a flowia' is made 
un ofoiie, or somelimes several, carpels. When the (larpels are 
separate from one another, each consists ol an ovary style and 
‘stilma; and when the laupels are jo.neiUotpdher, thc^ tlmec 
parts can he distinguished in the whole jnstil (e.g., tulip), llie 
ovary contains one or more ovules. After a pollen gram has 
];cen received on the stigma it sends out a living tribe which 
grows down the style until it roaehixi llie ovule. A male element, 
corresponding to a sperm in timmals, now passes Irom the 

n()llentub(dnl() the ovule 1(1 lert disc n:. _ 

As soon as an ovule is lerlilised, il begins to develop m o a 
sred.’At the same linn' th(^ ovary walls liegiu to develop, 
crowing larger and often heeonimg lleshy (e.g., in gooseberry, 
or tomato), hut in other iusiaiiees linally In'iioiniiig dry (e.g., 
trdip, or wallflow.'!'). The ripe ()vary--avh(dher fle.s]iy or dry 
--is called a Ihiit, and inside it m’e tin* .‘^et-ds (ripe ovules). 

Because the fruit is ;i ripe ovary, w<: should expet to hud 
traces of the .style on it, at llw end away Irom wkrc it is Imxl to 
the .stem. Such traees are always present, and in those limts 
developed from inliirior ovaries (e.g., dalOdil, ajiple) theie aic 
the remains or scars of other parts (.sepals and petals) as well. 
The remains arc clearly visible in bananas, (mrranls, goosc- 

^^Isomethnlslthe^ struotures besides the ovary wall help m 
forming the fruit, e.g., in apples strawberries, and rose 
where the fleshy part is the swollen tip oi the -stem on winch 
die Distil refits. In a rlauddion Iniit the Ilufly parachuttns 
made from the sepals. Bd'ore the fruit develops, the.se ai’c quite 
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small, but alter fertil¬ 
isation they grow 
rapidly to' form the 
pappus that enables Sspai 

the fruit to be blown Wf/iererf 
Stamens 

Remains 
of Style 

arate carpels, these Fig. 124.— («) a ripe blackberry fruit; [b) the 
may remain together same in longitudinal section. ( x i.) 
in the ripe fruits, 

each of which then consists of a number of fruitlets. This is 
so in blackberries and raspberries. If you examine one of these 
fruits, the individual fruitlets will be easily seen (Fig. 124). 

From what I have already said, it should be clear that the 
secd.s are inside the fruit, and are the result of the development 
of the fertilised ovules. Each ovule is connected to the ovary 
by a single stalk, and, when the seeds are ripe, they drop off 
from their seed stalks. At the point where a seed was connected 
to the seed stalk, a scar is left. This scar, the hilum, is always 
present on a seed and is the only scar present. A fruit, we have 
seen, has two scars, one the remains of the style, the other 
where the fruit was connected to the flower stalk. When a 
ffuit contains more than one seed 


about by the wind. 

Where the pistil 
consists of several sep- 




tlie ovary 'wall.; (Somo- 
wliat enlarged.) 


there is no difficulty in recognising 
it as a fruit. However, certain dry 
fruit contain a single seed, and they 
are apt to be mistaken for seeds, but, 
if you use the information I have 
given you, it should not be difficult 
to determine the nature of any 
particular specimen. 

An ash “key" is drawn in 
Fig. 12 6^. Since it has two scars 
on it, it ought to be a fruit and 
should have at least one seed inside 
it. If you open the swollen part care¬ 
fully with a needle, you will finii a 
single seed attached by its seed staUc 
(Fig. 125), so that ash “keys” arc 
in fact fruits. The same is true of 

H* 




I Fig. 126,—Fruit of various trees, la) acorn in its cupule of fused bracts; | 

{a’) acorn removed from tlio cupule of bracts; (6) and {b') two views of an | 

asb "key"; (c) "boat" of sycamore; (il) nut of hornbean with its three- j 
lobed bract. (All X li) 1 : 

I 

sycamore “boats” (Fig. 1261;). Acorns also are fruit. Atone j 

end is a tiny point, the remains of the style, while at the other 1 

is a rounded soar where the acorn, fitted into its cup p 

(Fig. 126a'). . 

A “conker” shows only one scar and so must be a seed. The | 

fruit it comes from is fairly familiar to most people—it is a j 

spiky green structure which readily splits into Ihice parts to i 

liberate one--^r sonietinies two—'“conkers” (Fig. 148). Wheat, 
and other grass “seeds” are actually fruits, but in the fruit of | 
plants belonging to the grass family the ovary wall is joined . j 
tightly on to the wall of the seed. Such fruits arc called j 
“grains”. j 


SEEDS AND SEEDLINGS 


We must now examine the structure of seeds in a little 
more detail. Probably the most convenient example to study 
is the broad bean, for these seeds are large and easy to obtain. 
You should soak the dry seeds in water for twenty-four hours 
before examining them, and you will notice that they absorb 
a good deal of water and expand considerably. 

In addition to examining soaked beans, you should plant a 
few in the garden. Sow the seeds about the beginning of March, 
3 inches deep, and leave the plants to flower and produce pods. 
They usually mature sometime in June. The bean pod is the 


Testa ■ 
Swelling caused, 
by Sadicls 



A (Swelling 
Mir’{caused by 
^{Radicle 


Inner surface 
of Cotyledon 

Plumule “ 

■ Place of ] 
attadmenty 
of Cotyledon] 



/ f\\-[otykdonsM 
/?cra'/c/e 


Fig. 127.—The Broad Bean .seed. (0) soaked seed, from the .side; 

(ft) soaked seed, end view; [d] the same, with the .seed coat removed; 

(c) one cotyledon, drawn after the other has been detached. (All x i.) 

fruit and inside it will be several bean seeds attached to the 
wall of the ovary by short .seed stalks, 

A soaked bean seed is a plump firm structure flattened from 
side to side and covered with a rather velvety seed coat. On 
one edge is a long narrow scar, usually black in colour. This 
is the hilum where the seed stalk was attached to the seed. In 
occasional specimens the seed stalk may still be fastened to 
the hilum. 

At one end of the hilum is a tiny hole in the seed coat called 
the micropjih (Fig. 1276). If it is not easily visible, squeeze the 
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seed gently and a little mass of frofliy bubbles will exude. A 
short distance away is a coiucal swelling with the point directed 
towards the micropyle. This is caused by the radicle, a struc¬ 
ture lying underneath the seed coat (Fig. ieyd). 

Now strip oli’the seed coat, being carcful not to tear it^in the 
region of the micropyle and radicl e. Uiiderneath it you will find 
a creamy white structure which is an undeveloped bean plant. 
The radicle will now be distinctly visible projecting somewhat 
on one side. 

Look at the seed coal: from its inside and you will find that 
just below the micropyh; there is a little pocket into which the 
tip of the radicle fitted before the seed coat was removed. 

A brief inspection will ,sl:iow that the ^creamy white mass 
consists of two flattened parts which aix; joined together only 
where the radicle comes Ifoni between tliem. Press them apart 
and separate tlumi completely. This will probably cause the 
radicle to split down the middle. 

Eacl:i, of the; Hat pieces is called a cotyledon or .seed leaf 
(see p. 20) and should have titt;ichcd to it a portion (:)f the 
radicle. From where it joins the cotyledons the radicle ^ is 
continued into a pale yellowish green. ;itruel:un; which lies 
between the two cotyledons. This is called the plumule 
would normally grow into tiie overground structures of the 
plant. It is not as a rule split into two halves wlum (hi! cotyle¬ 
dons are separated, so that the wholi! of it usually lies on one 
cotyledon while there is a groove at tlu! corresponding place 
on the other cotyledon. With a Iiaiiil lens you slioiild bi! able 
to distinguish (race.s of leaves at the lit) ol the plumule. 

The cotyledons are full of food, mainly starch, whicii is used 
by the young plant to enalfie it to tpow, ^ As (lie seed germin¬ 
ates, the food in the cotyledons is passed into the plumule and 
radicle, both of which rapidly increase m length. As this pro¬ 
cess goes on, the cotyledons lic'come thinner and thinner, and 
shrivel when all the food has been transferred from them. 

A bean seed, then, consists of a young plant made up of 
(i) a plumule which will grow into (he overground shoot, (2) 
a radicle which grow,s into the root system, and (3) two seed 
leaves containing food. The whole is cnclo,sed in a seed coat, 

A dry seed is not growing, Wi; say it is dormant. Ifj how¬ 
ever, it is supplied with sufficient water and oxygen, and a suit¬ 
able temperature, it will then begin to groW”“"thi,s process is 
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called germination. In nature, germination usually takes place 
either in spring or in autumn, because at other times the ground 
is either too dry or too cold. 

The early stages in germination can be studied by soaking 
a number of bean seeds in water and dissecting individual 
beans at intervals of a day; but if the seeds are left in water, 
growth will soon cease, and in warm weather the water will 
become foul and the seeds will die. To overcome this the seeds 


can be placed in damp sand and dug up at intervals, but I 


have found the following 
method the best. 

I take two soaked seeds cu 
pin them one on either side 
of a piece of board that just 
fits inside a jam-pot. The 
board is first covered with a 
double thickness of white 
blotting paper, though this is 
not essential The seeds ‘e 
arranged to lie flat against: 
the board. Then I add water 
until the level touches tiic 
bottom of the seeds (Fig. 128). 
If the pot is kept in a warm 
place, the seeds will continue 
to develop for some weeks and 
may then be planted out in 
the garden. (I use two seeds 
in case, as sometimes happens, 



Fig. 128,--Method of growing Broad 
Bean .seed for easy observation, 


one fails to develop.) 

The first sign of germination after the seed has swollen is the 
burstin^f of the radicle through the seed coat. Whichever way 
the radicle is pointing, it soon turns to grow downwards. Soon 
the connections between the radicle and the cotyledons 


lengthen and become visible. These connections arc the stalks 
of the cotyledons, which are really nothing more than much 
altered leaves. In this way the plumule is withdrawn from 
between the two cotyledons. It becomes more visible and 


begins to grow upwards. The young leaves at its tip are now 
more distinct and the colour becomes a darker green. As the 


plumule grows upwards it is bent over in a n shape (Fig. 129). 








Fig. i29.~Stages in the germination of a Broad Bean need. Tlio date on 
■wMch each stage was drawn is printed on the drawings, (x i.) 

Tlie importance of this will 1 )c clear to you if you remember 
that normally the plumule would have to force its way through 
the soil As the extreme tip is delicate, it would be damaged 
if it went first. The tougher, older parts are more fitted to push 
through the soil, After the tip of the plumule Ims been pulled 
above ground in this way, the stalk straightens out and the 
tip is uppermost. 

Meanwhile the root CGntinuc.s to grow downwards. After a 
short time a furry appearance will be noted a short distance 
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behind the root tip. With a hand lens, you will be able to sec 
that this is caused by innumerable tiny white hairs growing 
from the surface of the root. These are called root hairs and 
their function is to absorb water and mineral salts for the plant. 
Root hairs are better seen in mustard seedlings (see below). 

When the radicle has grown about if inches long, side roots 
will begin to appear. These burst their way through the sur¬ 
face of the main root and grow out at an angle. Usually all 
the side roots make approximately the same angle with the 
main root. You should also be able to see that the side roots 
come out in a fairly regular manner, forming four distinct lines 


along the length of the mam root. 

The cotyledons of the bean seedling remain below the 
ground, but, as the food from them is used up by the plant, 
they become smaher and smaller, and 
ultimately wither, though this may take 4 

from six to ten weeks. By this time, of 
cour.se, the plant can feed itself. ^ 

Small seeds cannot store so much food M 

as large seeds, hence it is important that — 

the seedlings which arise from them 
should start making food for themselves sccicUing of Suniiower, 
as soon as possible. In such seedlings it showing the tw gnjon 

is usual to find that the cotyledons come “lunuiTe between 

above ground, turn green, and carry them, (xi.) 
out the food manufiicturing function 
of normal leaves until these leaves are formed (Fig. 130). 


Most seedlings are of this nature and you can observe the habit 
quite well in mustard, radishes, or any kind of cabbage seed¬ 
lings. Sow the seeds thinly on moist soil and cover with a thin 
layer of fine soil. If you use mustard, the seeds germinate in 
a few days and you should soon see the cotyledons pushing 
their way above the soil. At first they may be enclosed in the 
.seed coat, but this will soon be shed and the cotyledons will 
spread out away from one another. Between the cotyledon 
stalks you will be able to observe the tip of the plumule. As 
time goes on the plant develops other leaves and the cotyle¬ 
dons, now of less importance, gradually wither away. 

Mustard grows quite well on damp cotton wool or blotting- 
paper placed on a saucer and covered with an inverted jam¬ 
pot (Fig. 131). It is a good plan to grow a few mustard seed- 
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?===========^^ lings in this way, for they demon¬ 

strate admirably the develop¬ 
ment of root hairs. 

You may wonder how these 
young seedlings remain so firmly 
erect, for they are made of soft 
material, as you may easily 
prove by squashing a seedling 
between your fingers. The 
xv answer is that they are made 

Vs y ^ turgidbybeing filled with water, 

^ bicycle tyre or baboon 
Ijg niade turgid with air. 
Fig. i3T.-Mctliorl of growing small Should a seedling be unable to 
seeds on a, saucer. There must bo obtain enough water, it will 

such as blotting paper or cotton collapse. You can 3Ce 
wool on the saucer. this for yourself by growing two 

lots of mustard seedlings in 
small plant pots. When the seeds have germinated, place 
both pots together in the light and give one pot a little 
water each day, but do not water the other. At first the plants 
in both pots will grow quite well, but, as the soil dries out in 
the pot that receives no water, the seedlings in it will collapse 
because their stems will no longer be able to support them. 

Root hairs are also kept turgid with water. If you have 
grown mustard seeds on damp blotting-paper to obtain root 
hairs (sec above), try the effect of holding one of the seedlings 
in the air. The root hairs will all collapse in a few seconds if 
the air is dry. They do not collapse in the jam-pot or in the 
soil because in these places the air is very damp and they do 
not lose. water., 


The seeds so far discussed all contain two seed leaves or 
cotyledons, and for this reason they are called dicotyledons. 
Wc have already seen (p. 20) that there is another group of 
plants called the monocotyledons whose seeds contain only one 
seed leaf. For the most part these seeds are small and their 
structure is not easy to see without a microscope. Also, the 
food is not in the cotyledon but is stored outside the young 
plant (but, of course, inside the seed coat). The cotyledon has 
to absorb this food, and pass it into the developing plant as: 
germination takes place. 


* 
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In many monocotyledons the seed k^af remains l}elow ground 
when the plumule (unerges and the first sign of the plumule is 
a single green spike. This is true of grasses, including Indian 
Corn (maize). 

In othc;r monocotyledons the cotyledon does come above 
ground carrying with it the sc:cd coat containing what is left 
of the food supply. The tip of the cotyledon, remains inside tlie 
.seed coat until all the food is absorbed (Fig, 132). You can 
study this quite well in onions. 

Onions take ratlier a long time to germ- /- 

inatc, often as long as ten weeks. However, | 

sow some in. the garden about inch deep, 1A —'SeedCod 

and cover them witli fine soil. When the Cotyledon 

plants do ultimately appear, you will find U 

that they have this kind of shape---n, Soon ] 

one branch of the fl will free itself and you 

will find at its tip the black seed, case. \ 

Gradually the plant will straiglitcn itself, \ ^ 

but for some days the tip of the cotyledon j 

will remain in the secid case. Sooner or latci.', J 

however, the seed case will fell ofi) leaving X 

the tip of the cotyledon witlicred. Other 132—G 0 r - 

loaves will soon make tlicir appearance. ' minating biue- 

If you squash one of the black seeds 
between your thumb-nails, after removing icdon^'w’stiirab- 

it from the cotyledon tip,. you will find .soiiiing nonrisii- 

that it contains a white substance. This is 
the food store. Bluebell seeds (Fig. 132) are 
very similar to onions. In spring, it is 
possible to find very many bluebell seedlings growing among 
the litter in bluebell woods. 


Fig. 132.—G 0 r » 
minating blue- 
bell seedling. 
The single coty¬ 
ledon is still ab- 
.soi'liiiig nonrisli- 
meat iroin iaside 
the seed coat. 

(Xlf) 


In coniferous plants (see p. 255) the seeds are not enclosed in 
an ovary iDut arc formed on tlie top surface of the scales that 
form the female cones. Ripe cones of the Scotch Pine can usually 
be found under trees and generally contain some seeds trapped 
between the scales. Tear cones to pieces—they are quite 1:ougli 
you will find—untd you have several seeds. If pines are not 
available, other conifers will serve just as well Each seed is 
provided with a delicate wing (Fig. 13312), but this easily 
falls off I It is usually not difficult to induce the seeds to 
germinate either in soil or on damp blotting-paper under a 




paiterns of life 



! 




F:;i, 133.—?in t'ne gumination of the seed of the Scotch Pine. 
{,i\ ■.I’fi with its wing!; (ii), (f) and (d) stages in the geniiination. 
Noiii’f.' tli.A thiI'e ait! six cotyledonsinthespechnendrawn.(Xij.) 


j;im-pot. You will find that pine seedlings have sciT,rgi 
Vctiylcdom but that thc}' remain with their tips inside tb' deed 
crai for some days. I’his is because the fond is stored OAitside 
Oif cotyledons, as with onions, and tlieyyarc absorbiyyj food 
,1-ig, 133). _ .■ , -- 

It is wortli while to grotv seedlings ol otlicv '.jees in pots. 
Acorns, “conkers”, ash “keyt" and sycamore “boats'’’, vdll all 
gi ijw well. In the case of acorns and conkers the cotyiedoiis 
l enm.in Itdow ground, but in sycamore and ash and beech they 
alrove groiini. , , 

If w(“ll cared for, tiu-se little trees tvill continue to grow for 
sevcrul years, cspeci.iily if yon ,start them in soil taken from 
wtu ids in wliicli such treis normally grow, In my experience, 
pirw .seedlings do not gr). .-c- nvli in pots as other tret seedlings. 
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CHAPTER TWENTY-FOUR 


Insects and Flowers 


^NE of the tilings you must have noticed about flowers is 
^ that they are frequently visited by insects such as bees, 
butterflies, and beetles. Many kinds of flowers almost in¬ 
variably have small insects crawling about them, as you can 
easily see by shaking dandelion or convolvulus flowers into the 
palm of your hand. The convolvulus flowers often contain two 
or three metallic looking beetles. 

Nectar and Pollen 
insects visits flowers to 
obtain food. One kind of 
food is the sweet liquid we 
call Nectar, which is a 
soknioii of sugar made by 
thc flowers in special places 
called nectaries. You will 
a have seen dm nre- 
tan • of the v/allfioi.'''er 
(p. b'f)''-hc da^k green 
horse-shc'e shaped patches 
at thc I'.Lsc!, oi .he stamens. 

'.In the tulip the; ovaiy wall 
nmkes the .nei tar. IC you 
.remove a petal from a 
buttercup, you find 
the nectary 'nc ir th',* end 
where the pi-ttui w/'^' 
attached to thc-dlowr:..- ' ii 

k on tin’ uppcj*.:.urfi!i'e-Af PIQ, 134, («) longitudinal . section 

the -i pf'thi and isfiCoWiM^ tough a geranium flower to 

m,.. V nectary; (6): cross section tough the 

, flower peduncle at the region marked 

those’. flowers tliat- IiaVv nectary, (xih) 



Nectary 
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spurs (e.g.j larkspur, nasturtiunij violets) the nectar is usually 
found at the closed end of the spin', and, under certain weather 
conditions, may nearly fill the spui'. Such plants will give 
you an opportunity to taste nectar il' you split open the 
spurs. In the ordinary cultivated geraniuin the nectar is 
found in a cavity which runs some way down the llower stalk 
(Kg. I 34 )- 

Careful examination of any flower will usually enable the 
nectar to be found (though sometimes there is none present) 
because it glistens and looks sticky. You may obtain .some help 
in the search from the flower itself for on the petals of many 
flowers are distinct lines, or streaks arranged more or less in 
lines, which all point to one place. Very Ifcqucntly the nectar 
is at this spot, and for this reason these ]ine.s are called guide 
lines, for they are supposed to guide insects to the ruu'tar. They 
are particularly prominent in many of those flowms visited Iry 
bees and butterflies in which tiic nectar is rather hidden. In 
the geraniums in my garden, the guide lines are mucli darker red 
than the scarlet petals, and arc cs’isecially strongly marlaxl on 
the two petals that lead down into the cavity c;ontaining the 
nectai’. The other three petals have fainter red h'ne.s on them, 

Guide lines are also well developed on tlic two top petals 
and the three top sepals of the nasturtium (Fig, 135) and lead 
down into the spur which contains the nectar. In flowers such 
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as those mentioned, the guide lines may well be of help to 
insccte .searching for nectar. At the same time, we must re¬ 
member tliat _ there are other flowers (c.g., larkspur) that 
secrete lioriey in rather hidden places and yet have no guide 
lines. Bumble bees have apparently no difficulty in pushing 
their tongues in tlie right place in the spurs of this flower. We 
must also l)car in mind that some poppies have what look like 
guide lines and yet produce no nectar. Nectar is collected by 
bees and converted by them into honey, but you must not 
make the mistake of thinking that nectar and.honey are the 
same thing. 

It is clear from the above example of the poppies that all 
flowers do not produce nectar; in this class are included 
ordinary garden lupins and the wild rose. The flowers that c/o 
produce nectar may do so only at certain times of the day and 
under certain weather conditions. For instance, the lime trees 
in towns, which are, usually in flower during early July, 
produce nectar generally in a morning, and, if you observe a 
lime tree, you will probably find that bee.s are “working” the 
flowers busily in the mornings l)ut not later in the day. The 
.same is true of other plants; and it is interesting, as you go 
about, to see which plants the bees are “working” in your area. 
Weather conditions have a great influence upon nectar produc¬ 
tion and often flowers produce none for several clays. 

Insects also visit flowers to obtain Pollen, which for many 
insects is their only nitrogen-containing food. Pollen is made 
in the stamens of the flowers (see p. 18) and its real purpose, 
you will remember, is to enable the flower to reproduce itself, 
because it i.s only after the pollen has lallon on the stigma and 
grown a pollen tube from there into the flower’s ovary that 
the production of fertile .seed becomes possible (see p. 19). 

. However, pollen forms a .suitable food for many kinds of in¬ 
sects, just ns (he seeds (e.g., peas and beans) do for us, Bees, 
both iiivc and Inmflfle, eolk^ct the pollen in the pollen baskets 
of their hack legs (Fig. 67) and store it in their nests. Besides 
being used as a food for the larvie, it is mixed with the wax 
cappings over (he cells in which the larvic are scaled to com¬ 
plete their devolojimcnt into bees. This mixture of pollen and 
wax is porous and allows the larvae to obtain oxygen from the 
air. Pure Wax would not allow air to pass. 

On a pollen collecting trip, hive bees will visit only one 
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species of flower, so th(; pollen in one load is all of (he same 
kind, whereas bumble bc(;s will visit several diflercnt kinds of 
flowers, as you may easily observr; for yourself if you watch 
Immblc bees foraging or if you ca1.eh and kill a biunljh,; bee 
and examine the j)oilen masses in its pollen baskets. 

Flowers visited by insects usually have some fairly obvious 
means of attracting tlic insc'cts’ attentioii. The fhnwo’s may 
have brightly coloured petals, and sometim<;s tlie se])als may 
also be brightly coloured (e.g., nasturtium). If a singk; flower 
is large and briglitly coloured, as a tulip or wrdMlower, the 
insects have no difficulty in seeing it from a distance, In many 
instances, however, each individual flowtu is quite smtdl, hut 
many arc grouped togetlier so that tin; total rt-sulf is quite 



Fig. 136.—Spray of Gimldor Kose, Tk showy but sterile 
flowers around the outside serve to attract iiw.ts, while 
the inconspicuous flowers in the centre priKlucc the 
seeds, (xf.)., 
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e.onspicuous. An example of this is the forget-me-not of gar¬ 
dens, or the common hedgerow plant, hedge parsley. All 
members of tlw; Composite group are good examples, and in 
some members (if this group (e.g., 1;lie daisy-like flowers, see 
p. 25), tlu! outer flowers in tlie collection have their petals 
drawn out into long brightly coloured strap-like tongues, 
whereas tlie petals of the inner flowers arc not very large. Some 
plants, such as the guelder rose, have special flowers, with 
showy petals but no reproductive organs, placed around a 
cluster of .smaller flowers that do contain reproductive organs 

* 3 ^)' ... 

In some flowers scent plays a large part m attracting insects; 
and, of course, many flowers have both perfume and brightly 
coloured jietals, though it is not unusual to find the scent with¬ 
out the bright ^ 

l,rtdsortk:Wght 

petals without the " 

scent. I myself cjui ~ 

detect 110 scent in Camh/ 

tulips, for instance, Me I j 

while mignonette V 

(both cultivated 

and wild) is an A 

example of a plant I \ 

having a .strong . 

scent but 110 ) 

brightly | 

poKds. Many «[' V \ 

the fiowcLS visited ]J 

by night-flying i37.«.™Tobacco flower, adapted to pollination by 
mo tins have a longtongucd insects. 

.Strong .scmit com¬ 
bined with wliitc or yellowish flowers which show up to a 
surprising degree in the dim light of summer nights. The 
tobacco plant (Fig. 137) has white flowers andaverysw^t 
scent whicli is especially strong in the evening. It is on this 
account often grown in town gardens, and is visited by motk 
The larg<; flowered ornamental honeysuckle has yellowish 
flowers mid its scent also becomes mo.yt strong in the evening. 
It is visited by various insects including several of the hawk 
moths, though some of the hawk moths visit it during the day. 
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hllinalm 

Tlic flowers supply inseets willi polkoi and ixMilar; l)iit flu;se 
arc iin( j-eally lin; rplis, l)et:aiise luallTis are so arrajiiiTd (liai: 
wliiie liiey arc oblaiiiiri!’' (liese liiods, llit; iiiscels iiiaiall)’ pia- 
Ibnn a service Id (lie llowers, 'J'Ik; service is dial, ol pDllinajidn, 
wliicli is tlie caiTying' of pollen from slameiis (0 suppnas. 

There arc two other common methods Ity which pollination 
can be bronglit about: the lirst is by the plant itself, and the 
second is by moans of the wind. 

Self-polliiialion oeetirs wlreii the pollen from the stamens of 
a. particular Hower is deposiied on ilu“ stigimis <sf die same 
flower. Some plants, e.g’., die garden pea and the bee un hid, 
are nornially sell-pollinated. Otlicr plants may lie sclf- 
polliuated if they fail to be cross-pollinated, that is if pollen 
is not brought to (liem in some way from another llnwer, 

In grasses, mtuiy Irirs, and some otlier llowers, the pollen 
is carried by the wind from the slamens of one llower to die 
stigmas ot auolliir. Hiieh wind-j'iollinaled llowen; [e.g,, 
grasses (Fig. 12) and nettles] are inconspicuons and do not' 
produce nectar, neiiher have they any scent. The Migmas are 
'usually liialhery so as to iiicreasi; their e.huiice.s of cafehing air- 
Irorne pollen. The pollen is smooth and fnrnis a fnie powder 
the gi'aiiis of which do not stick together. Grass pollen, or 
pollen ii'om hazel catkins or pine trees, sliow.s tliis nou-atieky 
character ejnite well. 

It is not eve ry kind of insect that visits llowers, e.g., dragon¬ 
flies, p’asshoppers, and very many dillerent kinds of iteeilcs, do 
not. Bees, butterflies and moths, certain of the two-winged Hies, 
and certairGcinds of beetles arc the commonest visii<jrs. 'Fhese 
may be divided into tw'o groups; tliose witli long tongucsi and 
those witli short tongues, dlie long-tongued iiiseets are die 
bc(;.s, butterflies, and moths, while the .short-tongued omsi are 
most of till! two-wiug{!d flics, the beetles, and wasps. Some 
hawk moths have vitry long tongues indeed, wliile the tongues 
of Inimble Ijcea, although of different lengtlis in difK'rent 
species, are longer tlitin die tongue.s of hive lM!e,s. We have 
seen (p. 127) that the tongne.s of Iniiterflies and moth.s are 
curled in a spiral undernealli their lieufls, and, in live or freshly 
killed specimens, can be extended by means of a needle. 

In general, it is easy enough when looking at a flower to 
decide whether it is likely to bi! visited by long tongued or 



Fic, rsS.—lloneysuddo Howors, to show the projecting 
fitiguias niul anthers, X f. Tlie honeysuckle is pollinated 
by liawkmoths .and hoverfliefi. 


short tongued insects. Tliose visited by short tongued insects 
usually htivc their petals not joined to one another, and have 
all open basiii-likc shape with the nectar rather freely exposed, 
whentas llowers visited by long tongued insects frequently have 
the nectar rather hidden, (iuite often in these flowers the 
nectar is at the far end of a narrow tube (called a spur) made 
from parts of the petals or sepals or both. Examples of this 
arc ])rovided by the garden nasturtium (Fig. 135), the del- 
phiiiium, columbine, and viola. 

In llowi'i’s visited by long-tongued insects the petals may be 
so shaped that there is only one way into the flower (e.g., the 
dead nettles, snapdragon, and pea-flowcr himily), and for those 
flowers visited only by bumble bees the flower may be quite 
closed and have to be forcted open by the visiting insect. Snap¬ 
dragons are good examples and the only insects you will sec 
visiting them are bumble bees. 

In some instances the visiting insect docs not alight on die 
flower but hovers in front of it. Then, as the insect hangs poised 
in the air it extends its tongue and pushes it into the flower 
to suck the nectar. I’his is how the tlumming Bird Hawk 
Moth obtains nectar from the honeysuckle. If the honeysuckle 
liad its .stamens and stigmas inside the tube formed by the 
petals, as flowers usually have, the moth would be unable to 
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transfer pollen from one flower to another. In fact, the stamens 
and stigmas of honeysuckle project from the flower a short 
distance and so the pollen can be dusted on to the head of the 
moth. When the moth moves to another flower, this pollen 
will be dusted on to the stigmas if they are in a receptive state. 
In the young flowers the stamens are grouped together in. the 
mouth of the flower with the stigma below them. As the flower 
becomes older the stigma changes position with the stamens 
and is thus in a better position to receive pollen from the bead 
of a moth (Fig. 138 should make this clear). 

You are possibly wondering why, in many cases, insects do 
not brush pollen from the stamens of a particular flower on 
to the stigmas of the same flower. Probably in some flowers 
they do and self-pollination then occurs. Very often, however, 
there are special devices which prevent self-pollination. 

In some flowers the pollen is incapable of producing ripe 
seeds if it falls on to the stigmas of the same flower. This is 
called self-sterility and occurs in that variety of apple known 
as Cox’s Orange Pippin. Flowers of Cox’s Orange Pippin will 
produce apples only if pollen from a different variety of apple 
is brought to their stigmas. It is for this reason that apple 
growers never plant an orchard consisting only of Cox’s Orange 
Pippins but always include other varieties. For this reason, also, 
a good population of bees is desirable in such an orchard, for 
hive bees are the most important insects for carrying pollen 
from one apple flower to another. 

The majority of plants are not self-sterile; their own pollen, 
if it falls on their stigmas, is effective in producing seeds, 
though the plants growing from such seeds are not, in general, 
as vigorous as those resulting from cross pollination. However, 
most self-fertile plants have devices which tend to prevent 
self-pollination. The commonest is to have the stamens ripen¬ 
ing and shedding pollen some time before the stigma becomes 
receptive (i.e., before it will allow pollen to stick to it and grow 
down into the ovary). This is so in the nasturtium, When a 
nasturtium flower first opens, the eight stamens are bent down¬ 
wards and their anthers lie along the bottom petal, The stigma 
at the end of the style is also bent downwards (Fig. 139). 

Soon the filament of one of the stamens begins to bend up- 
wai’ds and this brings the anther into the mid-line of the flower. 
The anther now points upwai'ds and is in such a position that 
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Fig. 139.—Pollination 
niecham!3in of the 
na.sturtiura, («) new- 
ly opened ilovver, 
with the stigma and 
the eight stamens 
both bent away 
from the throat of 
the ilower; (6) one 
of the stamens has 
turned upwards, and ' 
now occupies a po,s- 
ition in the throat 
of the flower, where 
it is likely to rub 
pollen on the thorax 
of a bumble bee 
(Bomlnis hor(omm) 
attempting to obtain 
nectar; (c) wlien the 
stamen in {h). has 
.shod its pollen, it 
bends downwards 
out of the way, and 
anotlicr stamen goes 
through this cycle; 
ultimately, the .stig¬ 
ma bonds upwards 
and its three lobes 
.separate from one 
another and conio to 
occupy the position 
in the throat of 
the flowor, previously 
occupied by the sta- 
ineas. The stigma is 
now in a position 
to receive pollen 
from anoidier flower, 
carried on the thorax 
of a visiting bumble 
bee. 



a bumble bee seeking to obtain the nectar from the spur must 
brush against it and so get dusted with pollen. When this 
anther has shed its pollen and withered, the filament bends 
down again. Another stamen then acts in the same way, bend¬ 
ing upwards to bring its anther into the mid-line of the flower. 
This process continues until all the stamens have in turn moved 
up, liberated their pollen, and moved out of the way again. 
Now the stigma is mature and is moved upwards by the style, 
so that it comes to occupy exactly the place previously occupied 
by the anthers. In tliis position it is well placed to receive 
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pullcii lioin buinlilc bt;cs tluit. luivti (lonu! liom odici' iiiiMUn'tiiini 
flowers still in the earlier stagesj and so ernss-pollliiatioji is 
brought about. Self-pollination by pollen dropiiing on to the 
stigmas is prevented Ijecaiise of the structure of' tlio stiginii. 

This is divided into 


fmole flowers’ 
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. fire-weed), , 

I . . The arrangement 

_ ^ „ obtaining in some 
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forfflfid by tll6 spiitlis liss bc6it cut aw8,y to Stigmas become . re- 

expose the flowers, xh , ceptive before the 
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pollen is ripe, is even more certain to prevent .self-pollination. 
This device is rarer than the one previously discussed, but 
the wild anun is a common plant that .shows it very , well. 
This plant grows aliimdantly in damp .situations, in hedge¬ 
rows and mixed wofKls. The broad arrow-shaped leave,s 
wilh large blotidics of brownish-purple are easily recognised 
in spring. Tlic “flower” is not really a single flower but 
a whole flttwering branch consisting of many individual 
flowers wrappe-d around by a large leal-like structure called 
the s])athe. ^ The end of the flowering branch is swollen 
iu(() a pii]ki,sli-purplc ('ylinder called the spadix. If you cut 
a slice from tlic side of tlie flask-like base of the spathe, the 
flowers will l:)c clcai'ly visible (Fig. 140), A sharp knife or 
I'azor 1)lad(‘ will do this conveniently. 

The i)osit:ions of tlic various structures are shown in Fig. 140. 
Nfuirest the Irasi,; an; tla; fianalc flowers clustered tightly round 
tin; central axis. A short distance above them is a cluster 
of male flowers. Higher up still are several rings of hairs 
ihickencd at their bases in siicli a way that they will bend 
downwards but not upwards. The tips of these hairs touch 
(he inner wall of the,spathe. The hairs act as a kind of trap 
foi' they will allow small insects to pass downwards, into the 
cavity tln'med l:iy the base of the spathe, but not upwards. So 
oiu'c an insect enters tin; cavity it cannot easily escape until the 
hairs wither. 

When the arum “flower” first opens, small flies are attracted 
10 it, pmsibly because of the colour of the spathe and possibly 
by ( lie .smell, wliich is said to resemble that of rotting meat. I 
ciimiot, detect any smell myself, but other persons say they can. 
However, flies am undoubtedly attracted and find their way into 
flu; cavity, where, as explained above, they become captives, 
'i'hc stigmas ripen first, and if the insects are carrying on their 
hairs ])olktn from other arum plants, as they very likely may 
be, this will be deposihxl on the stigmas, and the ovaries will 
begin to ripen. Each fl;mak; fldwcr, after pollination, produces 
a (Irop of nectar which is sucked up as food by thepinsects. 

Tiu; stamens now ripen and shed their pollen, whieh falls to 
the bottom of the cavity and thoroughly dusts any insects 
present. Since the stigmas are no longer capable of being 
l»ollmat('d the plant cannot jmllinatc itself. Finally the ring 
Of hairs begins: to wither and the insects, covered with: pollen, 
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make tlieir escape aiHl many oflhcm go io oilier arum flowers 
to pollinate them in their tiini and enable the process to he 


repeaieu. 

Figwoit (Fig. 14.1) is another plant in which (he .stigmas 
mature beliire the stamens. Tlie fiowi'r.s are a dec}) imrple 
and rather globular and in the young llowers only the laigmu 
protrudes from tlie flower. On this is (lusted pollen brought 
from anoth(;r figwort plant, usually liy a was]), and pollination 



J'jci, 141.-Wiiter Figwciii. (SrHiphulima iiiimiHhi). 

(«) front view of yoinif; ilowiir, In (fir fi'iiwii! stugr, 
(If) oltlw ilowiir, in tlii! nwlo staae; (c) IniiaitiKiiiiiil 
st-etioii tlifougli a yonii).; flmvcr; (rf) a I'ingle sl.iin?:ii 
to show how till! anthi'i' lilieriitrn tile intllrii by a 
terminal traiifiVrmMilil:. ami (c). ( 41 ,. 

X,6.' 


take.s place. After a time th(j .stigma slirivels and il.s (jlace is 
taken by the four .stamems which previon,sly lay hidden inside 
the flower. Now they project a short distance in front of the 
flower. Each stamen has a sliort antlnT at its free end, and tliis 
opens by a slit along its top, exposing the. bright yellow pollen in 
the best po,sition to be brushed off by other wasps visiting tin; 
flower. One of tlie five stamens, the one at tlie ffjp of the 
flower, never produces pollen, bt'ing reduced to a thin flap 
or scale, but there is nectar lietweeii it and the two petal l(.»b(:s 
above it. This modified stamen is called a .staminode, 
iUtkmgh insects, in obtaining the nectar from flowcns, 
usually pollinate those flowers in the process, there arc some 


INSEOTS AND FLOWERS 


243 

instances where this is not so. Very tiny insects (e.g., certain 
beetles) may crawl down inside a flower and reach the nectary 
without: ever corning into contact with the stigma and stamens. 
Tins is unfortimate for the flower, because, if all the nectar is 
regularly stolon, insects which arc capable of pollinating that 
type of flower might in time cease to visit it as unprofitable. 
To prevtmt small insects stealing the nectar in this way, some 
flowers have the entrance to the nectary protected by stiff hairs 
or sometimes by scales, while other flowers such as the snap¬ 
dragon liavc the whole flower closed so tightly that only the 
corre(’t insc(;t~-in thi.s instance a bumble bee-can open it. 
Tlie White Dead Nettle (called dead because it cannot sting) 
is a good example of a flower with a barrier of hairs placed 
bcfiirc tlic nectary. These form a sloping band running round 
tlie inside of tlu; tube formed by the petals and are placed a 
short distance in front of the nectary. 

In a fi;w flowers, bumble bees bite through the wall of the 
flower to reacli the; nectar instead of obtaining it in the more 
usual way liy entering the flow(n’ from the front. You may 
often s<;e tlie scarlet flowers (particularly the early ones) of the 
nmner bean bitten in thi.s way, also the flowers of the White 
Dead Nettle. 

By now you will have realised that there is much about the 
manner in which flowers arc pollinated that can be learned 
by anyt.me with a sharp pair of eyes and leisure to watch, 
flowers, At all times, in the garden or park, on pieces of waste 
ground in towns, (.ir in country lanc.s and fields, you should 
take an interest iu tlu; shape and colour of flowers, and in the 
kinds of insects to be seen visiting them. 

Summnrj 

In tills Chapter I have said that many flowers are vis.ited by 
insects wliieh are attracted by colour or scent, or sometimes 
Ity both. It is often possil:)l(! to guess from its structure whether 
a particular flower is likely to be visited by long-tongued or 
short-tongued insc(;ts, and observation of the flower will usually 
enable one to sec whetlua' the guess is correct. The insects 
ol:)tain nectar and pollen from the flower and use these^ sub- 
stan(:e.s as food. Frecpiently the position of the nectar is in¬ 
dicated l)y tlie presence of guide lines on^ the flower. The 
ins(.!Cts .searching for pollen and nectar perform an important 
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service to ilowers by earryiiig pollen Iroin tlu; s 'aniens to the 
stigmaH. 

in some (lowers tlieir own pollen, when placed on their 
stigmas, will produce fertile seeds; but it has been found tliat, 
in general, lirsilthier and more! sliirdy plants are formed from 
seeds liiat result iioin cross-pollination (i.e., when pollen from 
one phint is placed on tlie stigmas of a dillercnt plant). Many 
(lowers, indeed, have devices to encourage this ami pnivmit sell- 
pollination. Tliesc devices include scdf-sleriUly (tlm pollmi olbi 
particular plant is tlrcn iw::ui)ablc of fertilising the ovules of 
that same jdant); the stamens and stignris of a plant not 
ripening at the same time; or tlic presence of male and lemalit 
(lowers in dilferent ]jIaiUs of a particular kinti. 

Some llowers are pollinated by tlic action of wind, and .so 
do not require tlic liel]) of insects. Such llowers are as_a rule 
easy to recognis(‘, liccaiise they arc small and inconspicuous, 
have prominent stigmas that are olten feathery, and protluee 
an abundance of powdery jmlleii. You may be teinjUasl to 
think that the insmit melliod of polli'iation is more certain 
than the wind method, Imt it must be rernemlmred that grasses, 
a mast successful group ol'jilanls, are all wind-pollinated. 


CHAPTER TWENTY-FIVE 


Trees 


I Dm as Flowering Planis 

I 'y^lIEN I was a youngster living in a Shropshire village, I 
i was well aware of a real difference between trees and 
I those plants which, for want of a better name, we called 
: “llowers”. 

“Flowers” were rather low growing plants which, although 
they disappeared in winter, sometimes grew in the same place 
year after year—as the bluebells in the oak wood and the prim¬ 
roses along the hedge bank. Other flowers, I knew, grew in 
the garden for only one year, and, if new plants were required 
the next season, wc had to sow fresh seeds. This was true of 
; .sweet peas, larkspur, mignonette, nasturtiums, and several 
I otliens. 

I Tree.s, however, were obviously different, for there they were 
I in the same place year after year. The only change my youthful 

i eyes could detect was that in winter the trees were bare ol 

i leaves, and the rooks and wood pigeons in their branches coulu 

^ be seen from a long way off, whereas in summer the leaves 

’ oUseured the light from the sky. 

I .Into this scheme of trees and “flowers”, plants such as 
I grasses, and gooseberry and black currant bushes, fitted rather 

1 uneasily. I knew that currant bushes would not grow into 
lrce.s no matter how long they were left to grow, and yet they 
j rest:mbled trees in some respects. They had woody branches 

I and lost their leaves in winter just as an oak or ash tree. Yet 

1 they also had tiny flowers in spring, and at that time 1 was not 

• used to the idea that trees have flowers. True, I did know that 

i apple trees, pears, cherries, and the wild .sloe had flowers, but I 

i had not seen the flowers on the oak, ash, sycamore, birch, elms, 

: and pine.s. Nor, at that time, had I seen anything pn grasses 
( to suggest flowers. , , 

' ' .Since tlicn, with closer study, I have come to realise that, 
^ after all, trees arc only special kinds of flowering plants. The 

'I 
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purpose of this ciuipter is to show you the resemhhiuet; between 
trees and more ordiniuy “flowers”. 

Plants can be divided into two ip'oujis: those whose stems 
arc made of woody material tliat can survive tin; winter, and 
those with .stems of soller material that di<;s away in wint<;r. 
The first group we call woody plants, the seeoiKi herbs.^ 

Some iiiiRBS, such as peas, beans, and nUHturtiums, die at 
the end of one year’s growth. 'I'hey an; ealk;d amumls. Oilnrr 
herbs .such as cablmges, onion.s, beetroot, and carrots, live for 
two years. During the first: year they grow steadily :iiid store 
food. Growth stops during the winter, but tlic next spring starts 
again and tlic plants now make flowers ivhieJi soon |)nHliu;e 
seeds. After the seeds luive ripened the plants die, '.riic file cycle 
thus occupies two growing .seasons, and on (his aceotmt llu;si'^ 
plants arc called Irimniak (not biammals!) A third kind of 
herb is that which grows year after year in iht; fmmt; [ilace; 
although cacli winter tin; ovm’groimd parts die away niore or 
less completely, swulh;n .slructnn;s full of ll»od tin; ielt below 
tlic ground, and tlie.s'e serve to start olf next ye.ar’s growth. 
Daflbdils, tulips, dandelions, hipins, :uid rlmltarb, are of this 
nature and arc called pmnnkl Iicrlxs. 

Woody Perennials arc similar tti jiereimial lierlis in that 
one plant grows for many years in the same place; but they 
differ in that the overground parts do not die away iinvinler. 
Instead, they remain witliout growing until next sjn-ing and 
then, by further growth, tidd to tlie parts tdnmdy [iresent.^ In 
this way woody [lerennials contimndly inenase in .si/.t; from 
year to year. Two importtmt kitids of wootly |H;reuni:ils are 
trees and shrub.s, Trce.s grow more than six ii'ct high and do 
not branch near to tint ground. Shrults are usually le.s.s than 
six feet high and branch near to tin; ground {(‘.g., goo;ic].)(;rry, 
gorse, rhododendrons). 'Phe scheme at tlu; top of the next 
page sums up alUhis. 

Deciimus Trees 

The overground parts of a tree consist of the trunk (or bole), 
which at its top splits uj) into the branche.s, whit:h in turn divide 
to form smaller branches. These finally enti in the thinnest 
branches of all, the twigs. Tlie trunk is continued Iielow ground 
as the root system. This is always extensive and much branclicd 
in order to be able to support the tree. During summer, .strong 
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IfLOWERING PLANTS 


HEILBS ^ WOODY PLANTS 

(inadd ot soft material that dies) (made of hard material that can 

in Avintor) resist winter) 


ANNUALH l.irKNNIAi:.S innUSNOTAXS SHRUBS TREES 

(complete (complot.o (live for (usuallybran- (more than 

their life their life many years, died near to six feet high, 

cyeloinonn cydointwo usually pro- the ground and not 

your) yoarB) ducing seeds and less than branched 
each year) six feet tall) near to the 


winds lilowing on tlic leaftladcn fioughs create such tremendous 
firce.s that any tiree not .securely anchored would soon be up¬ 
rooted. Also tlie roots have to be wide-spreading to obtain 
.suilicient water and di,ssolved ,substaiice.s from the soil. The 
jimoimt of these substances required is great, and the roots of 
ii tree may impov(:;i.T,sh the soil for a considerable distance 
tiroimd tin; trunk, a liud well known to gardeners. Unlike most 
other plants, trees do not as a rule liave root hairs (see p. 227). 
fiislead, on th(;ir root tips they have a tiny network of fungal 
hyplue (,sec p. 49) closely fitting over the root like a thimble, 
or else actually inside the tissues of the root tip. These fungal 
tlirc'aiis help tlie tree to take up water and food substances 
(.see 1). 294). 

It is possil ile to identily all the British trees frona their winter 
twigs, which is another way of saying that the winter twigs of 
trees are all dilferent. Nevertheless, they do have a number of 
points in eomraon. 

'rhe outside “skin” of tlic tree is the Bark. Bark is made of 
cork .such as you see in an ordinary bottle cork, for these corks 
arc maile from die bark of the Cork Oak. Cork or bark is & 
prtitectlve layer througli which many enemies of trees, especi¬ 
ally fungi, find it diflicnlt to penetrate. One of the reasons 
why you should not carve your name on the bark of living 
trees is tliat by eut,ting the bark you may let spores of harmful 
fungi gain entry into tlie living substance of the tree. The fungi 
wliich come from the spores may eventually kill the tree. 

On the trunk the bark may lie more or less smooth (e.g., 
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beech trees), or it may be tiirowii into long furrows and ridgfs 
(e.g.) oak, ash, elm), In plane trees tht* btirk is sraonihj Init 
it constantly comes away in large- Ihikes several inches across. 
The new bark exposed when these Hakes couh; away is light 
yellow while the old bark is a greenisli Ijrtrtvn, so that liie 
trunks of plane tre«;s always look ratlier });Uchy. However, 
because of this eontiimal liaking otf, the Imrk nt-ver gets rt-ally 
dirty, and this is said to be one of the reasons wlty pluiw tnnis 
are so often chosen for planting in town streets. 

On the finer twigs the bark is always more or less smootii, 
except that there are nnmermis tiny raistal patches which look 
as if the bark had been foreed np at thesit points from inside 
the stem. Tliesc patcliiis are ealh-d Imtkeh (leiMi-sels) and ar<- 
really holes passing right througli tlie hark Pi allow oxygen 
from llie, air to pass into the tree. The lentieels can lie seen 
plainly in bottle corks as brownish stn-aks of soft powdery 
material running across the cork. The shape and size of the 
lentieels vary very much from tree to tree. 4 'host; of the {‘kler* 
berry arc very coiispuauius. 

On the twigs are borni; tin* Buns and the Lkavi-:s. I'lie winter 
buds of most trees are jiroteded by a number of corky bud 
scales, closely overlajiping one another and protecting tier 
delicate structures inside, from the (hmger of drying up, Any 
particular bud will grow cither into a liranch or a tlower (or, 
of course, it may not develop at all, in which case it is t.alleil 
a dormant bud), 

Tlie winter buds of various trees differ a good deal, Some, 
such as those of beech, arc long and slend<*r, witii many bud 
scales. Othep such as tlio.se of lime, hazel, and elm, are rather 
oval ill outline with few visible scales. The buds of ash are 
black, and those of sycamore green. Sometimes (as in ash and 
horse chestnut) the buds are placed in pairs opposite to one 
another, whereas in lime tlicy are placed singly on aiternatc 
sides of the stem, Some buds (e.g., horse chestnut and poplar) 
have their scales covered with a gummy substance, while bitd 
scales of some other trees (e.g., apple) are clothed in a felt of 
downy hairs. There is no purpose in my describing to you 
the buds of all the various trees. You must take every op}jor* 
tunity of examining tlic winter twigs of trees and making draw¬ 
ings of them, and soon you will be able to rccogni.se most of 
them at sight. 
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If you examine a twig of a tree in tlie autumn you will find 
that every bud except the very end one is growing in the axil 
of a leaf. When the leaf finally drops off, a scar is left where 
its stalk was joined to the stem. This scar is easily seen on the 
winter twig (Fig. 142), There is one just below each bud except 
the end one. The leaf scars usually have a characteristic shape 
which you will .soon learn to recogmise. In the horse chestnut 
it is rather heart-shaped with a row of little dots arranged 
inside it. The country people imagine that it resembles a horse¬ 
shoe and die dots are like the nail holes in the shoe. The dots 
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are actually the blocked up ends of the pipes that carried water 
t() the leat whoiiit was living, and the pipes were continuous 
with the veins of the leaf. In the leaf scars of some trees there 
is a continuous line instead of a row of clots. 

I'kicli spring, the winter buds grow into new twigs and usually 
a tcrrniinal bud carries on the growth of the twig that bears 
it (Fig. 143), If it docs so year after year, a very regular form 
of tree; will result, such as you get in a Christmas tree (Spruce 
Fir), Usually, however, after a few years’ growth the terminal 
bud of a particular twig dies and further growth of that twig is 
carried on by a side bud, so that an irregular branching system 
results. This accounts lor the sharp bends seen in the branches 
of oak and apple trees. 

When a winter bud bursts in spring, the bud scales fall off 
and each of those; leaves a little scar of its own. Where there 
arc many bud scales, the result is a ring of scars going round 
lilt: stein. Such a ring of scars is called a girdle scar. Since 
only winter buds can form girdle scars, it should be clear that 
the distance on the twig between two adjacent girdle scars will 
represent one year’s growth (see Fig. 14,2). 

It is possible to make an. estimate of the age of a branch 
citlicr liy counting the number of girdle scars, or by cutting 
across it and counting the num¬ 
ber of “annual rings” shown in 
the wtiod. These annual rings arc 
formed because in spring when the 
tree is growing rapidly, a consider¬ 
able amount of wofid is made and 
this is rather open in texture. In 
late summer tind autumn, when 
growth slows down, the wood is 
much closer in texture and is 
much less in amount, so the 
autumn ring is narrow in com¬ 
parison with the spring ring. A 
conijilcle annual ring consists of 
the broad band of spring wood 
and the narrow band of darker 
autumn wood. Fig. 144 is a drawing of a three-year-old lime 
twig which has been cut across, and it should make the method 
of counting clear to you. Should you come across the stump 



Fig. 144. — Annual rings. 
Oblique section througb a 
three year old twig of lime, 
X 2 , 
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of a tree that has been sawn down, yon can, by i cninting tlie 
annual rings, discover the approximate age d' tiu: tree when 
it was felled. 

The F1.0WERS of trees arc really (luite like ordinary liowers. 
This is obviously true of .such tna;?; as the horse ehestnnt, apple, 
])ear, plum, and elierry, but is h^ss apparent for sueh trei's as 
the oak, elm, and asli, Indeed I have met many peoidt? who 
were astonished to hear tliat thesa; tretis have llnwers at all. 
There arc two reasons for tliis ignorance. Tiie tirst is that niany 
trees are wind-pollinatfal and, as is usual in wind-pollinated 
flowers, they have no briglit showy petals and so fail to be 
noticed by the Imman eye that is not specifically searching for 
them. The second is that many of our trees do mg prodiu:e 
flowers until they an; nniny years old find so an; quite tall. It 
lias been said that “man is an animal tliat can look u]) Imt 
seldom does”, and this is fairly true. Vtay fmv people ever 
trouble to examine the higlutr branches ol’trees at all intently, 
and so they miss the rather iucnnspicuouK flowers, Tlu: young 
trees, whose branches are nearer to the ground, tio not have 
flowers. 

As is fltirly general among wind-jmllinated flowers, the 
flowers of many trees open beiiire the leas’c.s appear. This 
is true of the ash, elm, and liazid. Hazel catkins are buiiclies 
of male flowers, the yellow colour being due to inuHSfs of jiolleit. 
Female flowers occur on the same tree as the male catkins, but 
they arc quite difiereut. Tiny arc produced by rather large 
buds, and when “open” sliow many scarlet threads proirudittg 
into the iiir. 'fluTic thremls tire tin; 
stigmas (Fig. 145). 

Fig. 146 shows the sumeture <tf die 
flowttrs of the. Wycli FIm. The 
liimches of flowers are iiroduced in 
April. ’Fia^ tree from witich tliese 
were drawn gr nvs at tlie fliot of my 
garili;n. Under it are thrw; lk;e liives 
and I noticed this year (1(147) that 
tlie bees were very busy gatliering 
the pollen from tins elm flowers, 
although elms are wind-pollinated,' 
The oak tree has catkins of male 
anil female flowers growing together 



Fig. 145. -- Twig of luizd, 
bearing male and female 

flowers, : Ki 



Ftu. igo.-AVyeh liliu. {a) winter twig, bearing foliage buds; [b) single bud 
to jiliow urriHigement of bud scales; (c) twig bearing two groups of flowers; 
((•/) a ningle flower; (e) isolated pistil; (/) .stamen; (g) young fruit; (A) more 
higitly magailind drawing of (g) witlr portion of ovary wail removed to show 
Kwl. (a) and (c) X 4, tlie others magnified to varying amounts. 


on the same tree. They come out in May just after the 
leavt;.s, 

Lime trees have flowers that do not blossom until early in 
July (Fig. 147). Each flower 
iitis five pale greenish-yellow 
piitals. The flowers arc fragrant 
tmd in favourable weather 
produce large quantities of nec¬ 
tar. Scent and nectar suggest 
that the tree is in.scct"pollinatcd 
and this is so, for the flowers 
are eagerly .sought by bees. 

Willow.s, also, have flowers 
that arc pollinated by insects. 

Tiiere arc two kinds of willow 
catkins, gold and green. The 
green one.s are the feimde. The 
golden catkin.s produce the 
pollen and do not grow on the 
.same trce.s as the green catkins, fig. i47.-Lime flowers, x L 


Bracf 
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i.e.j a particular tree produces either green or gold catkins but 
not both. These willow catkins are often sold in shops as they 
make such attractive spring decorations. Before they are fully 
out, both kinds are silvery. 

Although you may not have noticed the flowers of many of 
these trees, it is quite likely that you are familiar with many of 
the fruits. Acorns of the oak, “conkers” of the horse chestnut, 
maple “boats”, ash “keys”, together with the gliding fruits of 
the sycamore, are common enough objects. 



Fig, 148,—Horse Chestnut fruit and seeds. («) fruit capsule beginning to split; 

g tlie same, with one valve partially removed; (c) a single seed or '"conker"; 
and (fi) two of the valves. (All X i) 

The “conker” is actually a seed (see p. 221); the real fruit, 
i.e., seed plus the ovary in which it developed, is the green 
spiky structure shown in Fig. 1482. The round scar on every 
“conker” is the hilum where the “conker” was fixed to the 
ovary, and through which it received its nourishment while it 
was developing. 

Acorns are fruit, i.e., each acorn is a ripe ovary with a 
single seed inside it. Quite a number of our English trees have 
fruits that are provided with some sort of wing to allow them 
to be blown a long way from the parent tree. This is desirable 
as it would not be satisfactory for all the seeds from a tree to 
grow up around their parent—there would not be room and 
they would crowd one another, These gliding fruits are made 
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I by part or all of the ovary wall being drawn out into a thin 

i plate. When the fruit is ripe, the plate becomes dry and light 

I and causes the fruit to fall slowly even in still air. If there is 

i any wind, these seeds may travel considerable distances. I 

! have found fruit of birch trees on top of a church tower a long 

way from the nearest birch tree. Some of these winged fruits 
are shown in Figs. 125 and 126. 

I Conifers 

I There is a group of trees we call “conifers”, and they differ 
; in some ways from other trees. To the conifer group belong 

i the pines, spruces (Xmas trees), yews, cedars, cypresses, and 

! many other evergreen trees commonly grown in cemeteries, 

parks, and ornamental gardens. 

Here are some features that will enable you to recognise a 
conifer: 

(i) The leaves are narrow or needle-like, sometimes very 
small. Usually there is no leaf stalk, but yew leaves do 
j have a short one. 

; (2) The seeds arc not produced inside a closed ovary, but 

i are borne upon the outer surfaces of scales which are 

I usually woody. In most conifers these scales are grouped 

! together to form “cones” (Fig. 152), of which the familiar 

^ fir cones are a good example. The woody cones tend 

to stay on the tree for some time after the seeds^are set 
free. Again the yew tree is exceptional, for its fruit 
coiLsists of a single seed set in a fleshy cup which 
becomes bright red when ripe. 

i (3) In all English conifers, except larches, the tree remains 

■ ' clothed with leaves throughout the winter, although 

every year some of the older leaves are shed. (Because 
of preservative resins they contain, the leaves of conifers 
/ rot but slowly, and the ground beneatli such trees usually 

^ has only scant vegetation. In parks you will see that 

grass rarely grows underneath conifers, and for this 
reason gardeners frequently dig the ground under 
thc.se trees. 

The Scotch Pine is probably the most suitable tree to study 
as an example of a conifer. But as this tree is not to be seen 
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everywliere, particularly in towns, 1 shall tell you something 
of the Cypress Tree, which is often planted in gardens and 
almost invariably in parks and ornamental gardens. 

The commonest cypress (Lawson’s Cypress) grows into a 
handsome pyramid-shaped tree which may reach forty feet in 
height. The twigs tend to grow all in one plane, so that a piece 
of a branch broken off will have a flat appearance. The leaves 
are very small, about -jJ-,- inch 
J ML(f ^ong, and grow tightly pressed 

a 4 V)M pletcly hidden by them and 

MiW Wl consequently has a scaly appear- 

ance. Close inspection will show 
wciH: leaves are ai’raiiged in 

n-fe’T opposite pairs. The leaves on 
Wma, ^ /sr\ under surface of tiic 

NxW stem are wider than those at the 

W wjjT ylL sides (Fig. 149), so that the twig 

u W flattened. On the older 

Uy branches tlic Icave.s will have 

been shed, 1mt the scars where 
^ l^(b) they were attached can usually 

n;;J IB be seen. The leaves arc rather 

W glossy and those on top of the 

Fig. i49.-Lawson’s Cypress, (a) twig arc a dark green, thoudi 
‘tc one., on the umtatfaoc 
branch. (Both X2.) are much lighter green, c.speci- 

ally near the tip.s of the twig.s. 
The colour tends to become darker in older ieavc.s, partly 
because of the dirt which falls on to them from the air. 

The trunk is covered with corky bark. Thi.s i.s often raised 
into roughened rings, about | inch wide, wliicli encircle the 
trunk. 

Close inspection will usually reveal the presence of old cones 
on the twigs. These are about the size of a pea and arc made 
of dark brown corky material. Each cone has a central pillar 
to which are attached eight scales which .stand out from it 
more or less at right angles. From in between these scales the 
seeds have escaped, and frequently a few seeds may be dis¬ 
covered still wedged between the scales. 

To find female cones in their youngest stages you must 
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examine the tree in May. The 
female cones are found at the tips fPfl ■ m 1 
of the branches and consist of a 
cluster of tiny leaves (Fig. 150), ifJrssesd 

each leaf bearing two tiny ovules 
on its upper surface. Hence the ^ 
seeds are quite open to the air, not W 
protected irnidc a closed ovary pia. iso.-Mature female cone 
chamber as in flowering plants (see of Lawson's Cypress, X2. 
p. 19). The young cones soon grow 
into structures about the size and shape of a large pea. Each 
consists now of eight scales tightly pressed together by their 
edges to form a solid sphere. Each scale has a .small liook-like 
projection in the middle of its outer surface (Fig. 150). The 
scales arc greenish with a suggestion of purple. If you take 
such a cone to pieces, you will be able to see the developing 
seeds lying between the scales, as indeed you can in the 
female cones of any other conifer. Because of their large size 
the cones of Scotch Pine make good 
material to study. 

The male cones of the cypress 
produce pollen. They are found at 
the tips of the branches in the same 
way as the female cones. The male 
cones are cylindrical in shape and 
marked with patches of crimson, so 
that they are quite easy to see. 
Each cone consists of several scales 
which bear pollen chambers on 
their under sides. The structure 
will be better understood if you 
refer to Fig. 151. 

All conifers are wind-pollinated. 
The pollen is blown from the male 
cones to the female ones and later 
the ovules are fertilised. After this 
the ovules develop into seeds, The 
seeds of m,ost conifers are each pro- 
Fig. 151.—Male cone of Law- yided with a dclicatc wing which 
“Wes them to tavcl long dis- 
tho Botanical Masmne.) tances when blown by the wind 
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(Fig. 152 and Fig. 133(2). From most ripe cones you should 
be able to obtain a few seeds, especially if you split down the 
tough scales with a penknife. The seeds are usually dark 
brown in colour. 



(b'l 


Fig. 152,—(a) mature female cone of Thuya', {a'} seed of 
Thuya] (o) empty female cone of Lawson's Cypress; 

{b‘] seed of Lawson's ''ypress, (All X3.) 

There is only one other conifer you may mistake for a 
cypress. This is the Thuya or Arbor Vitae which is frequently 
grown in parks and gardens, "he general appearance of the 
tree is shnilar to that of a Lawson’s Cypress, but the bark on 
the trunk has no rings on it. Moreover, the leaves give off a 
pleasant smell when crushed between the fingers, whereas 
Lawson’s Cypress leaves emit no smell when bruised.* The 
most distinctive difference, however, is provided by the female 
cones. These are nearly | inch long and rather spindle-shaped. 
The colour of old ones is reddish-brown. The scales are rather 
oblong in shape and ha a small hook at the tip, whereas 
those of Lawson’s Cypress have hooks in the middle of the 
outer face. Instead 0^" standing at right angles to the axis of 
the cone the scales of Thuya are clustered round it, somewhat 
like the petals in a rose bud (Fig. 152 fl). As late as Christmas, 
seeds will be found in these cones. 


♦ Certain other cypresses are fragrant. 


CHAPTER TWENTY-SIX 


Life in Fresh Water 

^HE conditions of life in fresh water are in many ways 
easier and more uniform than the conditions of life on 
land. One of the main problems that has to be solved by land 
organisms is how to avoid the danger of desiccation through 
excessive water loss. Many animals (e.g., mammals, birds, 
reptiles, and most insects) have developed a general surface 
covering that is more or less watertight, and the majority of 
land plants have a cuticle that is impermeable to water vapour, 
at least when the cuticle is dry. Such forms do lose water to 
some extent, e.g., through the lungs in mammals and through 
the stomates of the leaves in plants, but it is lost in an amount 
tha' may usually be easily replaced. That the skins of the 
animalh cited ^‘bove do retain water has been convincingl’y 
demonstrated by hanging, side by side in a dry atmosphere, a 
shinned lizard and a. similar imskinned lizard. The former 
iost weight rapidly due to the evaporation of moisture, while 
the unskinned animal lost weight only slowly. 

On the other hand many land animals, e.g., slugs, earth¬ 
worms, and frogs, readily lose water vapour through their skins 
to a dry atmosphere, and this fact considerably restricts their 
'- activities. Most people will have noticed the abundance of 
.slugs after rain, and remarked on their apparent absence 
during a dry spell. At such times they may be found in an 
inactive state under large stones or dead logs, or buried in the 
soil, in all of which situations a relatively damp atmosphere is 
to be found. 

The only aquatic organisms that need fear desiccation are 
those inhabiting shallow ponds or streams that are liable to 
dry up during summer. In such forms it is not unusual to 
find some drought-resisting stage in the life history as, for 
instance, the resting spores of some alg®. The aquatic snail 
Planorbis spirorbis (the Button Ram’s Horn) is capable of closing 
its shell with an epiphragm in the event of its pond drying up. 
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Similarly, many animals are capable of burying themselves in 
the mud, and remaining alive, tliough in a dormant condition. i 
Some aquatic plants, such as duckweeds and wamr starwort, y 
are capable; of living for some time, in shaded situations, on i 
the mud of dried ponds. | 

That the danger from drought may be a real one was ] 

forcibly im]:)ressed on me during the exceptionally dry summer ; 

of 1947, when I observed the drying up of a small trout stream j; 

in Wal(;s. When tlic stream first: ceased to run, all the fishes i 

congregated in the deeper pools that still contained water. 

Later, as the water in these also dried up, the trout were to be 
found under the large stones where the gravel still retained 
some moisture, and small live fishes were there, for a day or .so i 
after the stream had become quite dry, though many fishes lay 
dead on the bed of the stream and provided a rare foast lor b 
seagulls that had flown in Irom the coast. Small cels were 
present for some days longer. 

L ■■ 

Water 

Water is a rather dense fluid and affords considerable 
mechanical support to organisms living in it. Gonscciuently 
aquatic creatures do not recpiirc a strong slmleton for purpo.ses 
of support, though a skcl(;t.on may be required for purposes of 
defence or offence. I’his ability to dispense with a supporting . 

skeleton is dearly seen in aquatic jfiants, which usually lack ij; 

the hard supporting tissues present in tlie larger land plants. 

Phmts such as water starwort, or Canadian pond weed, look 
most attractive when growing submerged, and their weak | 
stems arc capable of supporting tlie various organs iimler T 

water. If these plants arc rcnuwid fi:om water they collapse ■ ■ 

at once into shapeless masses, their wciglit in air being far too 
great to he supported by the stems. It is well known that tlwi 
largfir whales frequcnily break their backs if they become 
stranded and thus deprived of the support afforded by the 
water. Many of the free swimming aquatic animals have a 
density very close to that of water, and consequently arc able 
to maintain tliemselves in any desired position in the water 
with rdativcly little expenditure of energy. The bony fishes a 
are provided with a gas-filled “.swim bladder” lying along .[ 

the dorsal side of the body cavity. The fish can increase the 4 

volume of the swim liladdcr by secreting more gas into it, or J . 
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decrease the volume by absorbing gas, and in this way can 
adjust its buoyancy so^that it is enabled to remain suspended 
practically motionless in the water. Small pike, and rudd, are 
frequently to be seen in this manner near the surface of large 
ponds and lakes. Some caddis-worms construct quite heavy 
cases that on land they could drag only with difficulty. In 
water, however, they can manage them easily enough, though 
some forms that construct particularly heavy cases attach small 



pieces of wood to give greater buoyancy. The fruits of water 
lilies (Fig. 153) float at the surface, and, when the capsules rot, 
seeds may be liberated at considerable distances from the 
parent plants. 

The fact that water has a high surface tension, i.e., behaves 
as if it had a tough elastic membrane at its surface, is of some 
importance to aquatic life. It enables the sea to produce waves 
in shallow water that “break” with considerable force,_ making 
it difficult for intcT-tidal animals and plants to^ maintain them¬ 
selves. It is not unreasonable to assume that it is to meet this 
force that limpets have evolved their thick conical shells, and 
that the holdfast of the common brown seaweed Bladder 
Wrack is so well developed (Fig. 154). 




262 


PATTERNS OF LIFE 



Fig, 154.—(a) small plant of Bladder Wuick {Fum vesicnlosm): 
[b] 'fertile tip of frond of the related Serrated Wracli: (i*’. 
semtus). (Both X^.), 


The surface film of fresh water provides a habitat on whicli 
several forms of life can dwell, notably the pond skaters, 
whirli-gig beetles, and the tiny black springtail, Podura. Snails 
frequently travel along the under surface, and many other 
aquatic animals are capable of ha^^ging suspended, supporUxl 
only by the forces of surface tension. This is truf of mosquito 
larv0E and pupae, water scorpions, water boatmen,, and aquatic 
crane fly larvae. Such forms usually have hairs or flaps of tissue 
at the region which lies in the surface film, so as to increase 
the area on which the surface tension can act. 

On the other hand, many insects become wetted by the 
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surflice film, and the force of adhesion of water is so great 
compared with their strength that the insects are trapped and 
quite unable to escape. They remain struggling impotently 
until they either drown or are eaten by fishes or other predators. 

Respiration 

One of the major problems presented by living in fresh water 
is that of obtaining oxygen. Oxygen is fairly soluble in 
water, but, in common with other gases, is less soluble in warm 
water than in cold. The vital processes of organisms living 
in water, however, go on more rapidly when the water is warm 
—bacterial action and the respiration of animals, for instance— 
and it follows that their need for oxygen may be greatest when 
the supply is least, as during nights towards the end of summer 
when the wate^' is warm and when the green plants cannot 
produce oxygen by photosynthesis. 

Many aquatic organisms obtain their oxygen directly from 
the water by the physical process of diffusion, by which the 
dissolved oxygen present in the water passes through some 
permeable region of the organism’s body, In aquatic plants 
the whole of the body surfece is presumably permeable to dis¬ 
solved oxygen, and because plants have a relatively diffuse 
shape, which implies a large .surflice area in proportion to the 
body volume, this simple diffusion is in general satisfactory, 
at least for small plants. Most of the larger aquatic plants have 
internal spaces in their leaves or stems in which oxygen made 
by photosynthesis du ing the daytime is stored. This oxygen 
is available for the plants’ use at night. These inter-cellular 
air spaces can be well seen in the sterns and leaf petioles of 
water lilies. 

Small aquatic animals may obtain sufficient oxygen by 
diffusion through tne general body surface. However, the 
larger animals have a relatively compact shape and the ratio of 
surface area to body volume is low. Hence, simple diffusion of 
dissolved oxygen through the general body surface is likely to 
be insufficient to satisfy the needs of the animals, at least during 
periods when the concentration of dissolved oxygen is low. To 
meet this difficulty, the larger forms develop special respiratory 
surfaces that possess a relatively large surface area. Such sur¬ 
faces arc called gills, and usually consist of thin projections of 
the body surface that are richlysuppliecl either with blood vessels. 
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or, in insects, with trachese. The gills 
of fishes have already been described 
(p. 61). 

Damsel fly nymphs (p. 178) have three 
thin broad plates which function as 
gills, situated at the posterior end of 
the abdomen, while the dragon-fly 
nymphs have a series of elaborate gills 
inside the rectum (Fig. 155). These 
rectal gills may easily be seen if the . 
rectum of a large dragon-fly nymph is 
opened by making a dorsal cut with 
scissors. 

Gills are present in other aquatic 
insects that breathe dissolved oxygen. 
Examples are the abdominal gills of 
rnany may-fly nymphs, and the thread- 
Fig. 155, — The rectal Aim gills on the abdominal segments 
gills of a dragon-fly of the larger caddis-worms (Fig. k6). 
iMoSSt™* Each caddis-worm dwelb inside a tabt, 
has been opened from and as the oxygen dissolved in the water 

SoSrSmtiS space bounded by the 

its rich supply of inscct s DOn,^^ weL ehu tflc inner weII 
trachea!. ( X 2). of the tube i: ^ )on exhausted, a constant 
flow of water diiough the tube must be 
maintained. This is effected by rhythmical movements of 
the caddis-worm’s body. The caddis-worm obtains a firm 
hold on its case by means of two hooks present at the posterior 
end of the abdomen, and by three fleshy protuberances present 
on the first abdominal segment, which press firmly against the 
wall of tire tube. 

Many aijiiatic creatures ascend to the surface to obtain 
atmospheric oxygen. We have already seen (p. 77) that this 
is so in the group of snails (the pulmonates) that inhabit still 
water whicli, on occasion, is likely to have a low oxygen con¬ 
centration. The gill breathing snails (the operculates) are 
usually to be found only in running water or well aerated still 
water. In addition, these latter forms are small, and con¬ 
sequently have a large surface area compared with their body 
volume, a factor that always facilitates successful respiration 
through the skin. 
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Water scomions, mosquito larvae, and the rat-tailed larvae of 
Eristalis (Fig. 157), take in atmospheric oxygen through their 


siphons, which are in communica¬ 
tion with the tracheal systems. The 
Lesser Water Boatmen have two 
large spiracles on the sides of the 
thorax, and the thorax of these 
creatures pushes through the sur¬ 
face film when they come to the 
surface to breathe. A thin layer of 
air is retained in this region when 
they dive, and has the appearance, 
under water, of a band of silver. 

The functional spiracles of the 
Greater Water Boatmen (Fig. 158) 
are also on the thorax, but in these 
creatures a layer of air, retained 
by long hairs, envelops the whole 
of the abdomen as well as the 
spiracles, When a Greater Water 



Fig. 157. The. Rat-tailed 
Maggot of the Drone Fly 
(ErisMis) using its telescopic 
siphon to obtain air from the 
surface, X2. 
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Fig. 158.—The Greater Water Boatman {Notonecta). Above; 
breathing at the surface. %low: ventral view of Notonecta 
with the hairs displaced to reveal the abdominal air passage, x 2. 


Boatman comes to the surfa^ for a fresh supply of air it is the 
tail that is protruded, and f. Ji oxygen diffuses at this region 
into the air film round the body, and so ultimately makes its 
way to the spiracles. It is the film of air trapped in the “air 
passages” that gives the silvery appearance to the ventral sur¬ 
face of a submerged Mtonecta. On the dorsal side the film is 
hidden by the wings. 

The entry of water into the spiracles of aquatic insects is 
prevented by the presence of waxed hairs guarding the aper¬ 
tures. Water does not Wet them, and consequently, because of 
its surface tension, cannot enter. The action may be visualised 
by imagining a fine glass tube placed in mercury—the mercury 
will not enter the lumen of the tube. 

The Great Diving Beetle, Dytism, takes atmospheric air into 
a space under the elytra by coming rapidly to the surface and 
protruding its tail. The tracheal system'communicates with 
the air space through spiracles situated on the dorsal abdo¬ 
minal surface. Other beetles obtain oxygen in a rather similar 
manner, but also retain a gas bubble at the tip of the abdomen. 
The bubble is carried by the beetle as it travels through the 
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water and is believed to serve not merely as an additional 
supply of air, but also as a gill. It is thought that as the oxygen 
concentration of the gas trapped below the elytra is diminished, 
so too, since the two are in communication, the oxygen con¬ 
centration inside the bubble diminishes. When the oxygen 
concentration inside the bubble falls below the oxygen con¬ 
centration of the outside water, the dissolved oxygen of the 
surrounding water will begin to pass into the bubble by 
diffusion. It is probable that the air films carried by jVbfonato, 
and other animals, function in the same manner. 

Green plants, in the presence of carbon dioxide and light, 
produce oxygen as one of the end products of photosynthesis. 
The equation for this action is 

Light energy -f carbon dioxide -f water = a sugai’ -f- oxygen 

Some of the oxygen is used at once by the plant for its own 
respiration, but this amount is generally only a small fraction 
of the total quantity produced. In many aquatic plants (e.g., 
the algae) the surplus oxygen simply diffuses into the water, 
but in the higher plants, as already stated, it frequently passes. 
into air spaces in the pla't tissues (Fig. 153). Even so, much 
dissolves in the surrounding water, or, under particularly good 
conditions, may be evolve 1 as bubbles which, though not pure 
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facc,<i) and toads twine the egg strands ainougst tiu; plants. 
The behaviour of newly-hatclicd tadpoles, wliieh attach 
themselves by their cement glands to arpiatie plants, ensures 
that they will l)e in well oxygemUed water, and the 
presence of many microscopic animals on strands of certain 
alga; may ill,so lie tints partially ttxplaincd. 

'Tk Iklma of Pond Life 

A permanent pond is, in some senses, a closed community, 
and remains relatively stable over a periorl of yeans. In w:iter, 
as on land, tlie jtrimiiry lltod producers are tlic green plants 
whieli, by their |>hotosynthetie activity, ••ssirnilate carbon from 
carbon dioxide and build if into e;irijohydrates. The carbo- 
hydKUe.s can Itc furthei .sviiiliesised into proteins by com¬ 
bination with certain elements, .ot;ib!y nitrogen, phosphorus, 
potassium, and snlplmr, obtained in the form of mineral salts, 
Ultimately, it is tin; availabli* (pianlily of tlu si alts thattlcter- 
inines the amomit of plant material that can l)0 produced by 
a purtiiadar .stretch of water. . .dei period of intense plant 
growth, till! coiicejitrations of some of the nect;ssary .salts may 
fall to zero liecause (Ik; original supplie.s havt; by mtw all been 
as,djnihite(l liy tin; |)lants. Tims it happens in ponds and dosed 
lakes, and even in tin; sea, tliat ;iil.er the first Hush of grtJWth 
vegetation increases only very slowly. 

All aulnials ultimately depend on green plants for their food, 
beeaiise (hi* animals either eat the plants directly, as do 
herbivorous animals, or eat other animals which eat die green 
plants {I’ig. iOo), It nmy happen that larger carnivores eat 
smaller carnivores, as, for instiince, a pike ttating ;i perch; but as 
the smaller carnivores eat herbivore,s, it is obvious that the food 
of all tarniwn’es nltimately dt'petids on gretai plants. It litllmvs, 
also, that tin; total animtil liii; a |)orid ctm sustttin over a period 
of time will dqtetid on the amimrit of vegetatitju the pmid can 
support, and, in turn, that dc'piaids on the quantity of minerals 
availaltle, 

Under ^natural conditions tlic mineral content of a pond is 
rc-stored in (mo of three way.s, 

(i) By the dctaiy ftf tlie droppings of herbivorous ami carni- 
vormis aniimds, Such decay is brought about by the 
activities of bacteria and fungi, and goes on most readily 
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ill vvoll oxyi;'i:n:il:('(l wutci's when (he leinpenitiin; is 
rcasoiiiilily liigh. 

(a) By (he decay of (he dead liodies ol'aniuials. This takes 
place as Tor (i), Init most, dead bodies are eaten by 
scavengers and so would be returned as iiiiniasils 
under (i). 

(3) By the decay of dead plant material, 'riu; majority of 
the plants do not dii; until aiitumm fturing the winter, 
ill shallow ponds, the. water temperainre is low and 
organic decomposition con.seqiiendy jirois'eds slowly. 
Ilenccj the main ndea.se of minerals from this source 
will not take placi* until the warmer days of (he follow¬ 
ing spring and (sirly 'aimmer. 

.In strtsiins, e.spiasially those llowitig diroiigh rich agricul¬ 
tural land, mineral siilts are constantly being ar.(piire,d tlirough 
the inllux of drainage water. 'I'he s.alls arc ulliiualcly carried 
out to .sea, exeept wliere die streams (low into closed lakes. In 
such cases (he lakes act a.s traps lia' minerals, and will lie alile to 
support considerable animal and [ilant pojiiilations. 

A loss of mineral salts to a pond occurs in the liodies of 
creatures tlnit pass (heir young slagrs in the water but leave 
it :is adults, Frogs, for example, lay ibeir eggs in jioiids, the 
tadpoles hutch and ll*ed voiaeioiisly for about twelve weeks, 
and then leave tin; ponds, e.irryiug; away in their body sub¬ 
stance consideraliie quaniitie.s of minerals. As lliey do not, in 
general, return to the [londs to die, litis i-epreseiits a .serious 
mineral loss to die pond, comparaiile to the loss to a field when 
a crop, say of potatoes, is taken I'rom it. A similar eirtaimstance 
occurs with many oilier aiiimals-H:addis-llie:,, dragonllie'', may¬ 
flies, and niostpiiloes, to name 1 ml llmr. Other mineral lo.sses 
may occur through the activities of water hens, herons, and 
other birds that feed on acpiatic organisms, though some 
ininerals may be returned as liec.c's. 

The |iond will regtitn minerals in drainage water and in the 
form of plant material which lalls into the jiond and gradually 
decays, and alitdanced sttile Iietwieu mineral loss and mineral 
gain probably exists in most long eMablished pond;;. However, 
the total plant lili; in any fit ret eh of natural WMler can 1 h^ in¬ 
creased by adding artificial ‘iia'dliseid’, Increased jiiant life 
means increased animal life, and so it is not surprising to find 


l.m: IN FRI'ISH WATER gyi 

llnit 'Mei'tilishig stretches ol water Inis been con.sidered as 
I a method of hiiac.isiiig the lish yield, especially of trout and 
sea lish.es. Ex]:)erim(.:uts conducted during the war on an 
I arm of the sea (1 .ocli Clraiglin, Argyllshire) were quite success- 

i (111 in iiicretising the lish yield, though it did not prove economic, 

I ill thi.s Inch, to liarvest the lish. On the other hand, water 

; intended for use liy watci' supirly undertakings should contain 
^ a.s little plant life as possible, since this clogs the filters and is 
I exi.){msivi; to reinove. Hence, in reservoirs the aim is to keep 

I down the (inantity ofinincral salts, and one way of doing this is 

■ to r{aiu.)Vt; a cro]') of lish at intervals. 


Aki/dmuni an A(juamm 

Arpiaria. are often used to study certain aspects of aquatic 
!ili;, and a few wools on setting up an aquarium may not be 
'lit of place. 


Almost miy reciqitaile willrve as an aquarium; 1 use jam- 
jmlh and [lickle jai'.s freely, but the need for ensuring an ade- 
ipiale supply oi'oxygen has eonstaiitly to be borne in mind. 
11 giceii phuits .ms ii(.)t incseiit, oxygen can enter the water 
itiily through the li'ci watei surface where it is in contact with 
lli< air, and if a choice of aquaria is possible, tliose that will 
prcA'ide ;i large area of free water surface should be selected 
lug. ibi). .For (,;xa.mple, a short squat honey jar should be 
elto'icii in preliacncc to a tall pattern. The crucial point, how¬ 
ever, is the. ratio between the extent of water surface exposed 
to (he air and the voliinK.: of 
the water. If this ratio is high, 
the water will he better aerated 
lintu if it is low. {joiis(.;queiitly, 
the g(.i]d(,;n rule with eillier tall 
or narrow coiitaiiiers i,s not to 
])laeeto()iuu(.h water in them. I 
iiiid iliat jam-pots lialf Idled 
will serve well enough for iimst I'uc n)i,- -Aquarium shapes. The 
tall narrow shape .shown on the 
('icalurcs. _ iindtssirablo, as it has too 

1 do jmt use nKuhaiiical aera- little free water surface. The 



on; niVHclf, Inil liud that, when shown on the right is much 

•' more,'iiutahl( 3 . 

lecessary, a irselnl meth(,)d ol 

teraling tlie larger laiiks is t(,i invert a dry plant pot on the 
’f'hls will eonthiut; for about a dav to liberate tiny 
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bubbles of air iis the air in the porous earthenware is gradually 
replaced by water. When the pot is thoroughly soaked it must 
lie replaced by anotlier dry one. It is useful to keep four or 
fivc_ pots handyj so that a constant supply of dry ones is 
available. 

In setting up a new aquarium, even though it is only a jam¬ 
pot, try to obtain pond or river water, as tap water may contain 
chemicals injurious to aquatic life. Rain water will serve quite 
well, but pond water is likely to contain numerous microscopic 
organisms that will play a useful part in the economy of the 
aquarium. To cover the bottom of the aquarium, I recom¬ 
mend pond mud or fine gravel from a river. Silver sand is 
frequently used, but this lacks the plant nutrients and the 
miGro-organi.sms present in pond mud. 

Aquatic plants should always be added to an aquarium, not 
only because of their value as oxygenators, but also because of 
the shade^they provide for animals. Duckweeds {Lemm mitior 
and L trisulca are most satisfactoiy) will live on tlic surface, 
honiwort grows floating freely, while FMm and water milfoil 
grow either rooted to the bottom or floating freely. If it 
is desired^ to root plants in the mud this may be achieved 
by attaching the '.ower (mds of their stalks to pieces of lead foil, 
which are then buried. Without the lead, tlie phmts tend to 
float to the surfiice after a day or so, especially if moving 
animals are present. 

A usual mistake is to keep too many animals together in an 
aquarium. In a restricted volume of water the available oxygen 
may be used rapidly, especially if fishes arc present. Also, the 
herbivores have little chance of escaping from the carnivores, 
and eoiTiiderable discrimination is needed in choo,sing the 
inhabitants if vvliqlcsalc slaughter is to be avoided. For pur¬ 
poses of study it is be,St to maintain separate small aquaria 
(jam-pots will serv(j) for such carnivore.^ a.s DjUscus^ water 
scoqiions, Notometa, and dragonfly larvje, and to feed them in¬ 
dividually. Most of these carnivores will eat blow-fly maggots 
or small lively worms, or failing either of these, .small picccin of 
raw meat. Cmnivorcs may usually be induced to seize a piece 
of meat if it is dragged slowly past them by means of a piece 
of cotton. Uneaten meat mirst be removed after half a day or 
so, or the water will become foul. This applies to all cxce,ss 
food, though worms and maggots will live for several day.s in 
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Well oxygenated water, and as long as they are alive will not 
cause the water to become tainted. Cyclops and Daphnia are 
excellent food lor many creatures. Cultures may easily be 
maintained in water containing decaying leaves, provided that 
they are shielded from direct sunlight. 

Though light is necessary for the well being of the plants in 
an aquaiium, direct sunlight falling on an aquarium for any 
length ol time is injurious to the animals, and should not be 
permitted. Indoors, aquaria may advantageously be placed 
near windows facing nortli or west. Out of doors, any shaded 
place will serve, though cats may be a nuisance, and pre¬ 
cautions should be taken, if imcessary, to prevent them up¬ 
setting the smaller jars. Aquaria must be protected from frost, 
for if the water freezes, the container will almost certainly 
be smashed. 








CHAPTER TWENTY-SEVEN 


T: 

How Plants and Animals Replace 
i’i] Themselves 


O NE of the important facts about living things is that in¬ 
dividuals do not live for ever. Either they are killed by 
accident or by other living things, or else sooner or later they 
die in the normal course of nature, But before they die most 
living thitigs make some sort of provision to replace themselves. 
This process, we have seen, is called reproduction, and it is 
one of the most important of the activities of living things. 
Without it, all life on the earth would rapidly come to an end, 
and the possession of the power to reproduce is one of the main 
differences between living and non-living things. 


Asexual Reproduction 


The simplest kind of reproduction is that in which the plant 
or animal splits off from itself a part which is capable, in 
time, of growing by itself into a new plant or animal like the 
parent. This type of reproduction is called asexual, and it is 
most common in plants, though it docs occur in some animals. 

One of the best plants for the study of asexual reproduction 
is the Duckweed (p. 35). Shake up a little garden soil in a 
jam-pot of water to provide food for the plants. Then put in 
it a single duckweed plant, transferring it with a brush or twig 
so as not to damage it. Draw its outline carefully and then 
leave it in a well lit place for a few days. Draw it again and 
you should find some change on comparing the two sketches 



Fig, ,162. “ Reproductibn in the 
lesser Duckweed, ( xao). , 


(Fig. 162). Draw it two or 
three more time,s at intervals 
of a few days, and by the 
end of a fortnight or so yon 
will probably have, several 
small duckweed plants float¬ 
ing in your pot. Your scrie.g 


1 ' 
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of drawings will show you how these have arisen from 
the parent plant. You will see that new duckweed fronds 
are budded out from the sides of the parent frond, from which 
they differ only in being smaller and a brighter green in colour. 
After making this experiment it will be obvious to you why it 
is that, in summer, ponds and slow streams often become 
completely covered with duckweed. Quite a number of small 
water plants, and some animals, reproduce themselves in this 
way, but We shall not consider them further here. 

Land plants rarely split off parts in 
quite such a simple fashion, but, if b 

pieces become broken off from the main 
plant they will frequently make roots | 

and grow into new plants. This is the 1 

reason why gardeners can sometimes i 

make new plants by taking cuttings. ^ 

The ordinary Geranium is a plant jff 

which gives good results. Cut off from II 

the plant a piece about 6 inches long, JI 

making the cut just below a node (i.e., 

a place on the stem where a leaf is 1 11 

growing), and remove all leaves except I j 

two or three at' the top. I always [ 

leave the cutting exposed to the air for ' 

half a day so that a layer of varnish is j 

made by the plant over the cut surface; 

but this may not be necessary. Place 

the cutting about 3 inches deep in a 1, 

plant pot nearly full of earth. It is 1 

usually considered best to place the ^1 

cutting against the side of the pot "y I 

and have the stalk actually embedded K 

in silver sand, to ensure an adequate 

supply of oxygen. In less than two 

months you will find that the cutting 

has developed roots and is beginning 

to grow. It is best to do several at ' / ^ 

once to avoid possible disappointment, fig. 163, — Autumn 

and you must remember to keep the drawing of a black 

soil watered if it Is indoors. ^ 

Small pieces of black currant bush, (xi.) 
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or rambler rose, will also ‘'sla'ike” if you let them remain in 
the soil throughout the winter (Fig. 163). Such cu 1 ,V 
are best taken in the autumn. 

In some bushes (e.g., blackberry and gooseberry) low giowmg 
branches often touch the soil, and these branches may pu 
out roots of their own accord. If you have a gooseberry ms 
in the garden you can easily try this. Peg down a bianiu 
with a forked stick and cover it with soil. At the end 01 a 
year you will almost certainly have a new gooseberry Ousii 
which, however, will still be attached to the parent by the 
branch you pegged down. 

In land plants the fragments that split off from the parents to 
form new jilants are usually rather special. The tiny bo u,s 
which we call spores, and which wc liavc seen arc prodneca 
in large numbers by fungi, forns, and mosses, arc cxanip cs. 
In each case the spore grows into a new plant. In fungi tins 
is exactly like tin; parent idant, Imt in ferns the new p ant is 
not at all like the parent. You slimild turn to p. 41 and read 

again about the life cycle ol the leru. c,rMrn'r 

Many pcrcimlal |)lauts reiiroduce asexually. Ihc Sum.lu 
is a good example. If you plant a shallot linnly in llm ground 
in February, it will grow into a typical onion-hke jilant wi i. 
a ttft of idavcs. Towards Uic end of May tho original tall, 
will be found to have split up into sovcral smallw onus, ata 
by the end of June these will all have bccornc swollen, i ic, 
loaves now die down, and, in place of the ongmal .shallot Ini I ), 
there will he a group of five or six or more, llic numlmr Will 
depend upon thi; richness of the soil and the nature ot tlie 
season. The bulbs, if left in the ground, become more or less 
separate and next .spring (or even during the autumn) each 

will begin to grow into a new shallot plant. ^ 

Potatoes reproduce asexually in a very .siimlar manner. A 
potato tuber is really a stem, as is shown by the fad: Ihat u. 
bears buds (the “eyes”) and much reduced leaves (the ridges 

near the “eyes”). , , , . . . • 

When planted in tlie ground the buds begin to sprout into 
branches that grow upwards and become the fonnhar potato 
tops. From their bases roots grow out into the sou. ^ I he toocl 
required to build the tops and roots come,s from the potato 
tuber which will now be found to be much shrunken. 

Soon, from the parts of the tops that arc imdergronud, thni 
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white branches grow into the soil. These make no attempt to 
grow upwards kit presently begin to swell at their tips. The 
.wellmgs get bigger and bigger and gradually form potatoes. 
00 now we liave the parent potato plant surrounded by a 
number of new potatoes each connected to the parent by a 
long thin branch. If the potato plant were left in the soil, the 
t iin branclie.s would gradually rot away, so that next .spring 
there would be a ring of new potato plants, perhaps a dozen 
or more, round the site of tins year’.s plant. 

In this^ way potatoes could rapidly spread over a piece of 
gnruncl if there were nothing else to prevent them. Actually 
potatoes have many enemies, such as slugs, wireworms, beetles, 
and various fungal and other microscopic parasites. Also, 
potatoes left in the soil in England are usually destroyed by 
(he winter frosts, though if a tuber happens to be buried fairly 
deeply it is likely to escape harm. 

A number of plants reproduce themselves in a similar way. 
Below the ground horizontal branches arise from the stem and 
gi'ow away from the parent plant. Sooner or later the tips of 
these underground stems come above ground and form new 
idants. Tlie connection with the parent plant soon rots. 
Examples are perennial sunflowers, michaclmas daisies, and 
iicltle.s. 

Strawberries reproduce asexually in a most efiicient way, 
Ihiring the early ^summer, branches called runners begin to 
grow from the main plant. Instead of growing upwards, these 
grow iilong the surlace of the soil and away from the parents. 
When it is some distance I’rom the parent, the tip of each runner 
turns upwards and begins to develop into a daughter plant. Roots 
grow from the tip of the runner into the soil and soon the 
(laugliter plant is well established. Usually this gives off another 
runner which forms a second plant further away from the 
[lareut, In ils turn even this plant may send out a new runner, 
.so t hat by autumn chains of daughter plants stoctch away from 
the parent, but all are connected to it by the slender stems of 
the “runners”. These rot away before the next season and the 
daughter plants become independent. A wild plant that be¬ 
haves in the .same way is the creeping buttercup, often found 
as a garden weed. The creeping stems of ground ivy (Fig. 164) 
put out roots at almost evciy node. Each seetion of stem, with 
its ro()t.s, is capable of growing into an independent plant. . . 

' . ' ■ K , 
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Fig. i64.~ii, Creeping stem of Ground Ivy, putting out roots at the nodes. 
B. Underground stolon of Perennial Sunflower, drawn in winter. A single 
Sunflower will produce a large number of these stolons, each of which can 
give rise to a new plant from its terminal bud. The swollen part is full of 
reserve food material. 



A slightly different type of asexual reproduction is found in 
the Crocus. Crocus flowers grow from short upright stems 
called corms. A crocus corm has a covering of papery leaves 
pd has one or more fat pointed buds at the top. In this state, 
it is planted in the ground. The swollen stem contains the food 
that in early spring enables the bud to grow into the over¬ 
ground leaves and the flower. The old corm has very little 
food left and begins to shrivel. After the flower has been 
pollinated the ovary ripens into a fruit and seeds aie scattered 
in the normal way. The region where the leaves grow out 
from the old corm now begins to swell because food is passed 
down into it from the leaves above. Gradually it gets bigger 
and bigger and comes to resemble the parent corm. Finally, 
in summer, the leaves die down and wither to form a papery 
covering for the new corm. At the top of the new corm is a 
bud, and underneath it is the old corm, now quite withered 
(Fig.165). _ 

Many animals are capable of asexual reproduction, but 
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mostly such animals are 
microscopic or else live 
in the sea and are un¬ 
familiar to us. We have 
seen (p. lOo) that the 
freshwater Hydra repro¬ 
duces asexually when 
there is plenty of food 
available, and also we 
saw that you can “take 
cuttings” of Hydra. It 
is said that earthworms 
have a similar power 
to grow into new worms 
if they are cut into two 
pieces, but I am by no 
means sure of this. 
Certainly I have seen 
the head end of a 



Fig. 165.—Longitudinal section of Crocu.s 
corm with papery covering of dried leaf 
bases removed, 


worm that had been cut into two growing a new tail, but I am 
very doubtful whether the tail end would grow a new head. 
Perhaps you would like to experiment? 

Starfishes live only in the sea, but you may occasionally 
come across them when you are on holiday, though you will 
have to paddle to find them. Each starfish has five arms. 
Qpitc often an arm gets broken off. The starfish can easily 
grow anotlier arm, but what is of greater interest to us, the 
arm may sometimes grow a new starfish, a process which re¬ 
sembles closely the growth of plants from cuttings. 


Sexual Reproduction 

The essential difference between asexual and sexual repro¬ 
duction is that, while in asexual reproduction the fragment 
split off from the parent is capable of growing by itself into a 
new organism, in sexual reproduction it must first join with 
another fragment before it can grow. The particles used for 
sexual reproduction are called gametes—a word which means 
“marrying cells”. There are two distinct kinds of gametes, 
called Eggs and Sperms. Eggs are large and cannot move about. 
They can often be seen quite easily with the naked eye, e.g., 
hens’ cgg.s, butterflies’ eggs, and frog spawn. The sperms 
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are very, very small iudecd, far too small to be seen without 
a microscope. They vary in shape in different plants and 
animals, but, except in the group of flowering plants and a 
few other instances, they can always move about. Sperms are 
attracted to eggs of their own hind. Eggs, of course, arc 
normally produced by females, and sperms by males. How¬ 
ever, in some groups of organisms we have seen tliat the eggs 
and sperms arc produced by the same individual (e.g., snails. 
Hydras, and worms). Hence we cannot speak of a male earth¬ 
worm or female snail, although we can speak of the male parts 
or the female parts of a worm or snail. Sucli creatures as these, 
that produce both male and female gametes in the one 
organism, are said to be hermaphrodite (herm-aff-roe-dite). 

Now, normally an egg cannot grow into a new plant or 
animal by itself It must first be united with a male gamete 
(sperm) of its own kind. This union of male and female 
gametes we have seen (p. 19) is called fertilisation, and many 
of the structures associated with .s(,;xual reproduction are pre¬ 
sent to ensure that the union does take place. 

In animals, fertilisation of the eggs may take place cither 
outside the animal’s body or inside it. A good example of 
animals in which fertilisation l:akes place outside the body is 
provicled by frogs, The way in which the eggs and sperms 
are laid into the water has been described on p. 70. 

The eggs arc the familiar frog spawn, but the sperms are too 
small to be .seen except under a strong microscope. Then they 
are seen to be rather .mear-shaped. The tail is capable of 
lashing movements, so that the sperms can swim through the 
water and seek out the eggs with which they unite, one sperm 
to each egg. This completes the act of fertilisation and the 
cgg.s begin to develop. 

The development of a frog’s egg is quite easy to follow, if 
you place a few in a dish of water. Do not have too many 
together in a small dish since they may use all the oxygen 
preserit, and die. When it is freshly laid the egg, inside its 
jelly, is more or less spherical, It is black in coiour with the 
exception of a yellow zone which is always at the bottom of 
the egg. At first the egg is quite smooth. Soon a furrow 
appears that runs right round the egg anddivides it into two 
halves. This is followed by another furrow at right angles to 
the first, Other furrows appear rapidly, and the surface of the 
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egg becomes much divided. These divisions correspond to 
divisions of the inner material of the original egg. The area of 
yellow gets smaller and smaller, and soon disappears, The 
developing egg now gradually changes shape, and in a few days 
is rather flat and long, It then begins to move about in its egg 
membrane. Shortly afterwards the embryo, as it is now called, 
makes its way out and comes to rest on the jelly as a young 
tadpole, 

Fertilisation of eggs by sperms takes place outside the body 
in most water animals. In the case of land creatures, external 
fertilisation is usually not possible because the eggs and sperms 
would dry up, To surmount this difficulty, the eggs are usually 
Icrtilised while they are in the body of the female. In order 
to make this possible, male animals are usually provided with 
some means of passing the sperms into the body of the female. 
In spiders (p. 184) this takes the form of specially altered palps. 
In most insects, the rear end of the male’s body possesses a 
special device that can pass the sperms into the female’s body. 
To do this, the male and female insect have to remain united or 
“copulate” as we call it. In the summer you will often see 
beetles, dragonflies (Fig. 98), butterflies, and other insects, 
mating. 

In Mammals (e.g., dogs, rabbits, cows, man, etc.) the sperms 
liave also to be transferred from the body of the male into the 
body of the female. Male mammals have a muscular organ, 
called the penis, for this purpose. 

As soon as an egg inside the female’s body has been fertilised, 
it is usually enclosed within a protective shell and then passed 
to the outside World. The purpose of the shell is partly to 
prevent the egg from drying up, and partly to protect it from 
microscopic enemies. Drying up is one of the greatest dangers 
lacing living material on land, and the smaller the amount of 
material, the more quickly it is likely to dry up. Therefore it 
is not surprising to find that the tiny eggs of insects are, in 
many cases at least, supplied with a fatty layer that makes 
them waterproof, Snakes’ eggs are protected by a tough 
leathery jaefct, while you will be familiar with the shells of 
birds’ eggs. 

Some animals do not lay their eggs when these have been 
fertilised. Instead, the eggs are kept inside the animals’ bodies 
where they develop into young which, in due time, are “Iaid”j 
or born as we usually call it. All the common mammals belong 
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to this group, though there are Australian forms that actually 
lay eggs like birds. 

The habit of giving birth to live young instead of laying eggs 
occurs in other groups besides the mammals. We saw that this 
was true of the aphides (p. 162), and, although most snakes 
lay eggs, the English viper keeps her eggs inside her body until 
they hatch and so she gives birth to young snakes. 

Flowering Plants have a form of sexual reproduction tliat 
differs in no real way from that of animals. I have already 
referred to it in Chapter 2, but it will be convenient if I repeat 
the main outlines here. The eggs are made in the ovary, 
and are contained inside the ovules. The eggs remain here 
waiting to be fertilised by male cells that correspond to 
sperms. The male cells are produced by the pollen which 
itself is made in the anthers of the stamens. When a pollen 
grain falls on to the stigma of its own kind of plant it germin¬ 
ates; that is to say, a tube grows out from it. This pollen tube 
grows down the style into the ovary and makes its way to an 
ovule. In the lip of the pollen tube is the male element which 
then joins with the egg inside the ovule and so fertilises it. The 
egg then begins to grow and soon forms a baby plant, still inside 
the ovule. As the baby plant grows, the ovule swells and its 
walls dry up. Soon the whole structure, ovule and young plant, 
is ripe, and it now forms a seed (see Chapter 23). 

If you now consider plants and animals in connection with 
what I have told you about reproduction, you will see tliat old 
animals and plants are constantly dying and young ones being 
born. In their turn the young ones grow older, reproduce, and 
die, to be followed by their offspring. In this way the con¬ 
tinuance of a species or race is achieved, and obviously it is 
of the utmost importance for the species that as many members 
as possible shall live long enough to reproduce. This is why 
we find that plants and animals will do their utmost to repro¬ 
duce before they die. The fly Volucella homhylans which enters 
the nests of bumble bees in order to lay its eggs, is sometimes 
stung by one of the bees. In this event the fly immediately 
commences to lay and continues to do so in its death throes, 
until all; the eggs are laid. In plants, bad conditions for growth 
nearly always result in the production of masses of flowers, 
although these may be small. You will find dandelions and 
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clover and buttercups flowering on lawns that are regularly 
cut once a^ week. In towns, in the cracks between pavement 
stones, or in the gap between the pavements and walls, you 
will frequently find tiny plants have taken root, especially Poa 
annua (Fig. iq) and shepherd’s purse. Although these plants 
are very stunted, and obviously not prospering, they will most 
likely have an abundance of flowers. They are, we say, 
struggling to complete their life cycles, to reproduce and leave 
seeds to start off the next generation of plants. 

If you reflect you will realise that all the activities of plants 
and animals are directed towards completing their life cycles 
and leaving young to replace them. When they have com¬ 
pleted their life cycles (by reproducing), many plants and 
animals die almost at once. Any of the annual plants in the 
garden (peas, groundsel, shepherd’s purse) show this quite well. 
Most female insects die very shortly after they have laid their 
eggs, and male insects may die as soon as they have mated 
with the females. Male hive bees (drones) actually die in the 
mating act, but they have completed their life cycles and made 
provision for more bees to follow them. 

On the other hand, we find that in some animal groups the 
parents normally continue to live after the young have been 
born, and this makes parental care possible (e.g., in man, many 
birds, cats, sticklebacks). 





CHAPTER TWENTY-EIGHT 

The Interrelations of Plants and 
Animals 


TO'E have seen in earlier chapters that plants and animals 
arc, at least to some extent, dependent on one another; 
that some plants, for instance, require insects to pollinate them, 
while others rely upon animals to distribute their seeds; and 
that plants growing in the same area compete with one another 
for space, both for their roots and their shoots. In this chapter 
we shall be concerned with some other ways in which |:)lants 
and animals interact with one another. 



Parasites on Plants: Galls 

While you have been observing plants, you may hav(5 seen 
peculiar structures on some members of a species which were 
absent from other plants of the same kind. The struetiints I 
am referring to are made of the plant’s own tissues but are 
obviously unlike any of the plant organs that wc have studied. 
They arc neither stems, leaves, flowers, nor buds, but are out¬ 
growths (jf the normal tissues, much as warts arc outgrowths 
oiT'iuman skin. These structures arc called galls. 

Many different galls are to be found on oak trees. The best 
known are perhaps the Marble Galls (Plate VIII), which are 
most often found on young trees or on the lower branches of 
older trees. The young Marble Galls arc yellowish brown 
spher(.'S 1 )ctween | inch and f inch in diameter made of corky 
material and quite light in weight. As they grow older, they 
become a darker brown. The outer skin is fairly liard. Somc- 
liim^s in an old gall you will be able to find a small round hole 
in the surface, If, with a sharp knife, you halve the gall along 
the line of this hole, you will find that it leads into a tunnel 
which runs to the centre of the gall. There it ends in a spherical 
chamber which is enclosed by a very hard wall. 

The young galls (light in colour) will be found to have no 
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hole in the outside skin. When one of these is split open, tl)<' 
explanation of the tunnel becomes evident, for curled up ju 
the central chamber will be found a fat pearly wliitc grub. 
This is the larva of a species of wasp, the Marble Gall Wasp. 
Towards September or October the grub turns into tlic wasp 
which bites its way out, thus forming the tunnel. All the wasjis 
are females, and these pi’occcd to lay eggs on fresh oak buds 
wliich, the following May, begin to develop info new galls. 
The galls arc especially plentiful on young oak trees five or 
six feet high, such as you may often find in hedgerows.^ Collect 
a number of the galls in August and place them in jam-pots 
with muslin over the top. You should be able to olitaiii lh(.‘ 
adult wasps and, if you supply them with fresh oak twigs, may 
even see them pierce the buds to lay their eggs. The wasps 
are small black creatures quiti:; unlike tlie lilack and yellmv 
stinging wasjis of tlie genus Vespa. 

You will often find oak leaves whose under surfaces arc more 
or less thickly studded 
with little circular disc¬ 
like galls having a raised 
part in the centre 
(Fig. 166). Tlicsc are 
the Common SPAftoLE 
Galls. You will also itg. i66r--SpangIegall!5onoaldoaf^ ^ 
find them on dead oak 

leaves as late as April, tliough, after tla; leaves have lUilen, 
the Spangle Galls fend to drop olf them. 

The Spangle Gall Wasiis emerge in Aiirll. They are all 
females and they lay eggs in the young oak Inids, liiids that 
would have formed either flowers or leaves. In time, the result 
of this is tlie formation of an entirely dilferent gall, the CJiuTiUit 
Gall of the oak, either on leaves or more usually on the male 
catkins. In June, imile and female wasps of quite dilferent 
structure from tlic Spangle Gall Wasps liatch from the Gurraiii 
Galls. The flnnales of these Currant Gall Wasps now lay eggs 
in leaves, and these eggs lead to the formtition of new Spangle 
Galls. 

This is a most interesting phenomenon. The Spangh* Gall 
Wasp lays eggs which turn into Currant Gall Wasps, ami tliest; 
lay eggs that grow into Sptuigie Gall Wasps again. The two 
kinds of wasp are c|uitc unlike each other, and yet, since one 
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gives rise to the other, they must belong to the same species. 
This type of life cycle where there are two quite distinct types 
of an organism, and each type regularly gives rise to the other, 
is called an alternation of generations. 


(lays eggs on buds) 


OUBBAOTGALL OUBBAOTGAIL 

WASP WASP 

(lays eggs on leaves) 

There is an alternation of generations in the life cycle of the 
oak gall wasp that causes the Oak Apple. The Oak Apple 
is a large green, rather fleshy, gall, about i inch across, which 
appears early in May, developing from a bud (Plate VIII). By 
early June the Oak Apple is mature and is now streaked 
with pink. Inside it are many small chambers, each with a 
white grub. The grubs eat their way to the surface and turn 
into small dark coloured wasps. Both males and females are 
produced. The females arc without wings and after mating 
crawl down the trunk and lay eggs in the roots. In time, these 
cause the formation of Root Galls, which are clusters of hard 
yellowish brown structures (Fig. 167). Inside each is a single 
cavity with a developing grub. At the end of January, each 
grub‘will turn into a wingless 

I eat its way out, crawl up the 

eggs in buds to start new Oak 
Apples developing in May. 

There are many other galls 
Fjg. 167.—Galls of , the Oak Apple that may be found on oak trees. 
Gall Wasp on the pj^te VIII shows a GherrY 

roots of oak, The galls are shown >, 

sliced through, to expose the Gall and Fig. 168 a specimen 
chambers in which the wasps of the gall wasp that causes 
develop. One wasp is seen emerging, -i 
XI. (Re-drawn after E. W, _ . 

Swanton.) On Wild Roses there is 
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\ frequently to be found growing a 

f very striking gall. It is called a 
Bedeguar (bed-e-gar), or in some 
counties Robin’s Pin-Cushion, and 
at first it looks like a bundle of 
brightly coloured moss. Shades of 
red are especially prominent. If 
Fig, 168.—(0) Cynipid gall fly you obtain one you will find its 
hatched from Cherry Gall on' central portion is Solid and hard. 

Tints Split it open a knife and 
inside you will see many pearly 
grubs each lying in a separate chamber. The grubs have 
developed from eggs laid by the Rose Gall Wasp in a leaf 
bud. The presence of die de¬ 
veloping larvse causes the bud V 
to form into a gall instead of \ 
into a branch as it would nor- \\ 
mally do. The adult wasps come y\\ 

out of the gall the following \\)\ 

spring; In addition to the Rose 
Gall Wasps, several other types \ \\ 

of insects usually inhabit each \ \ |\ 

Bedeguar. \n^ \ 

Many other plants produce VA j\ 

galls in response to the presence 'VA/ |\ 

of other organisms, which may \\ \ 

not necessarily be wasps. Types \m|\ 

of beetles, two-winged flies, (b) \ 

fungi, and mites may all produce VI ' 

galls. “Witches’ Brooms” (see \^\ 1 

p. 57) are caused by a fungus. \ y 

The curious red Nail Galls \\ t) 

common on sycamore leaves are j’ 

caused by mites, as are the Big (a) ^ 

Bud Galls on blackcurrants. 

Sawflies are the cause of the hril- \ 

liant red kidney-shaped galls ) I 

found onwillowleaves (Fig, 169). _ 


Chamber \\ 

containing -V 

(b) 


Parasites on Animals 
Ifcaterpillars of the Cabbage 


Fig. 169.—(0) Bean Galls on willow; 
(6) section tlirough tbe gall; (c) 
saw-fly maggot from the gall, 
(a) and (6), X^; (c), xsh 
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White butterfly are collected in September and kept indoors, 
a number of them will fail to pupate. These at first seem 
sickly and limp, and then, in a few days, a number of tiny 
maggots will burst through each caterpillar’s sldn and begin 
to weave a deep golden yellow silk. The caterpillar will die 
and shrivel but around its dead body will be from twenty to 
thirty golden cocoons. If you keep a number of caterpillars 
in jam-pots, you should be able to watch the small grubs 
spinning. 

That these smaller creatures have actually been living inside 
the caterpillars is not difficult to prove, for if you select one 
of the more sickly looking caterpillars and cut it open you will 
find the raaggots inside it. They have been living on the cater¬ 
pillar’s internal organs. The question to be answered is: hoW 
did they get there? 

Allow several caterpillars to pupate in a jam-pot. Some of 
them are almost certain to provide you with a supply of the 
golden cocoons. Fix a piece of stout cloth over the open end 
and place the pot outside in a sheltered spot. Protect the top 
from direct rain, with a piece of wood or several bricks. It is 
even better to sink the pot in the ground to the rim and protect 
the mouth. Examine the pot next spring at intervals of a few 
days, and about May you should find in the jam-pots a number 
of small black insects. These are Ichneumon Wasps (ik-new- 
mon) of the genus Apanteks (a-pan-tel-eez). Normally they 
would fly away and seek out young caterpillars of the Cabbage 
White butterfly in which csi.cli Apanteles would lay from twenty 
to thirty eggs. The eggs would hatch inside the caterpillar’s 
body and give rise to the white maggots I have already 
described. 

A somewhat similar instance of a wasp laying its eggs in 
another insect’s larva, is provided by a slender black species 
that lays eggs in the maggots which appear when a dead 
animal or piece of meat is left exposed to the air in May or 
June. This was first brought to my notice when I had a dead 
rabbit and a dead rat in a shady corner of the garden. I was 
hoping to obtain carrion beetles. The dead animals were 
covered with a wire netting cage to protect them from cats 
and rats. Soon, of course, the corpses were teeming with 
maggots of blow flies. After about a fortnight, I was search¬ 
ing for beetles in the mass of maggots and saw a number 
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of slender black “wasps” actively crawling over the maggots. 
Then I noticed that some of the wasps were actually “stinging” 
the maggots with their egg-laying tubes [ovi-positors). I 
collected a number of maggots, many of which had burrowed 
into the soil to pupate, together with some soil, placed them 
in a jam-pot with a piece of cloth as a lid. During the first 
week of July a number of the black wasps hatched out and 
crawled on to the muslin covering the jar. 

A rather similar experience arose out of a fishing contest 
in which I was competing. The place I was drawn to fish 
from was in the middle of a bed of nettles. At the close of the 
contest, as I was pacldng up, I noticed a number of blackish 
caterpillars on the nettles, each caterpillar lying in the middle 
of the top surface of a nettle leaf. I put several in a tobacco 
tin. When I got home, I found two large white maggots in 
the tin in addition to the caterpillars. This puzzled me; but 
I concluded they must be fishing maggots that had got in. I 



Fig. i70.--(a) Peacock Butterfly caterpillar, lying along the midrib of a nettle 
leaf, (a') a single spine from the body of the caterpillar,^ From the cater¬ 
pillar a white maggot emerged wHch soon pupated to give the puparium 
(by, (b') shows the empty puparium after there had emerged from it the 
Xachinid fly (c), (a) X2, (&) and (c) ><3, (a') much enlarged. 
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thought no more of it and put one of the caterpillars in a glass 
tube to take to one of my friends—they were caterpillars of 
the Peacock Butterfly. When I handed over the caterpillar, 
there was another of these maggots in the tube. Then it became 
obvious that these maggots had been living inside the cater¬ 
pillars. 

I kept some of them and in a day or two they turned into 
pupa; not unlike the pupa; of blow flies, and finally out of each 
hatched a two-winged fly (Fig. 170). I found out later that it is 
well known that these particular flies lay their eggs inside the 
caterpillars of Peacock Butterflies and, when the eggs hatch, the 
larvae grow inside the butterfly catcrpillais, feeding on their 
tissues just as the ichneumon wasps do. 

In all the foregoing examples, we have been concerned with 
instances where one organism has lived either on or inside the 
body of another organism, to which it has caused some harm. 
In such associations the organisms that cause the damage are 
called parasites, while the organisms that suffer the damage 
are called hosts. Thus the oak tree is the host of many 
gall wasps, while Apanteles is a parasite of the Cabbage White 
kitterfly. 

Many of our beetles, especially the dung beetles, will be 
found to be covered with mites. The mites hang on so tightly 
that it is difficult to dislodge them, but a puff of tobacco smoke 
will cause them to run wildly over the body of the host. 
Similar mites occur on the queens of certain bumble bees in 
spring. The mites apparently pierce the skin of the insect on 
which they dwell and suck its juices. 

Man himself may act as a host to many diflercnt parasites. 
Fleas and lice are well known, but there are many others which 
live in his blood, especially very small ones such as the bacteria 
and viruses that cause diseases. 

Living Together . 

In instances of parasitism one organism alone benefits, and 
this benefit is at the expense of the host, There are associations 
between living things where both members benefit, They are 
partners, as it were, and the activity of each one helps the 
other. An association of this kind, where two organisms live 
together for their mutual benefit is called symbiosis, a word that 
means “living together”. 
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Those curious plants called lichens provide excellent 
examples of symbiosis. The Pixy Cup Lichen is a common 
one often to be found growing on dead tree stumps, especially 
where the ground is rather damp, as in woods. With a hand 
lens there is little to be seen. With a microscope it is not diffi¬ 
cult to perceive that the lichen is built up of two distinct 
partners, a fungus and an alga, and this union of two plants, 
each quite delicate by itself, makes a compound plant capable 
of surviving and growing slowly in the most_ difficult places, 
though it IS said that many lichens have disappeared from 
the large towns because they cannot endure the chemical 
laden dust which is always settling from the atmosphere of 
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If you dig up any member of the Pea-flower Family (p. 26), 
you will find wart-like swellings on the roots (Fig. lyi). When 
you cut across such a swelling with a razor or sharp knife, the 
central area may appear reddish-purple. Each swelling or nodule 
is a gall produced by the plant in response to an invasion of its 
roots by bacteria. The bacteria obtain their food ffom the 
plant, but they are not parasites, because they give something 
in return. As you are aware, plants take certain substances 
from the soil, and that is why we add fertilisers to obtain good 
crops. One of the most important substances required by 
plants is nitrogen-a gas which constitutes about four-fifths 
of the air we breathe. It is present, too, in the tiny spaces 
between the soil particles. Unfortunately plants cannot use 
nitrogen in its free state, they can only utilise it when it is 
combined with other substances to form such salts as nitrates. 
That is why nitrates are used as fertilisers. 

However, the bacteria in the root nodules have the power 
to turn the nitrogen gas present in the soil atmosphere into 
a form which plants can utilise, and they do this as their share 
towards the partnership. In return, as I have stated earlier, 
the plant supplies food (such as sugar) for the bacteria. 

This symbiosis between the members of the pea-flower family 
and bacteria supplies the explanation to a fact you may have 
noticed, that gorse and broom are often to be found growing 
on poor soil on commons and heaths where little else grows. 
It is also one reason why farmers find it profitable to grow 
clover (another member of the pea-flower family) on tlieir 
land and then plough it in. When it rots, it enriches the soil 
for future crops, particularly with nitrogen in a form that 
plants can use. 

As a final example of symbiosis I will describe the interaction 
between Ants and Aphides (p. 161). You will remember that 
when an aphid is feeding it pushes its proboscis into a tender 
plant stem and sucks up sap more quickly than it can deal with 
it, and so at intervals it gives off from its anus a glistening drop 
of clear sweet liquid, honeydew. Usually, when this appears 
the aphid gives a quick jerk of its rear end and throws the drop 
some distance. 

If you find plants with aphides feeding on them, you are 
almost certain to notice ants running hurriedly here and there. 
Occasionally an ant will halt at an aphis and caress it with its 
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feelers. If you have patience to watch for some while through 
a hand lens, taking care not to disturb the insects, you may see 
an aphis which is being caressed by an ant produce some 
honeydew. But now, instead of kiclung the sugary drop away, 
the aphis allows the ant to drink it. The ant will then go on 
to other aphides. 

In return for this supply of honeydew, the ants are reputed 
to look after the aphides and protect them from attack by other 
small insects. They are said to carry the aphides and place 
them on suitable parts of plants, but I have not myself seen 
this occur. In some species of ant there is no doubt that its 
members build shelters for the aphides; while in other species, 
the ants harbour the aphides in their neSts during the winter. 
There is probably much yet to be learned about ants and the 
many “guests” they harbour in their nests. 

Interdependence of Animals and Plants 

When we consider together all the animals and plants in an 
area, a different kind of relationship becomes evident. For 
instance, the presence or absence of a particular plant may 
determine whether other plants can grow. Most of you will 
have walked through woods where there is little or no under¬ 
growth. Some Beechwoods are particularly good examples 
of tliis. The beech trees form such a dense roof of leaves that 
in the summer little or no light penetrates through to the floor 
and the immense quantities of leaves which fall often decay 
but slowly, and make the surface layer acid. Nevertheless, 
most beechwoods do have characteristic plants growing in 
them, though many of these plants produce their leaves and 
flowers early in the year when the trees do not cut out so much 
light. The curious Bird’s Nest Orchid grows in beechwoods 
and is able to obtain its food from the decaying beech leaves. 

The leaves from many coniferous trees (e.g,-, pine, cypress) 
take a long time to rot when they fall to the ground, and, if 
they accumulate, prevent grass growing (see p. 255). 

Many Fungi grow in association with trees, either as para¬ 
sites (e.g., Honey Gap Agaric, bracket fungi, Plate I) or else 
in symbiosis with them. Most plants have a thick growth of 
root hairs just behind their root tips (see p. 226). Through 
these they absorb water and food Substances from the soil. 
Many forest trees do not have these root hairs; instead 
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they have a fungus partner which serves the same puipose. 
The hypliEE of the fungus grow round the root tip, either inside 
it or as a tightly fitting jacket outside it, and do the absorbing 
for the plant, obtaining from it other foods in return. When 
the fungus bears fruiting bodies, usually in the autumn, the 
toadstools appear underneath the tree. The brilliant scarlet 
caps of the Fly Agaric, with their scales of white, are always 
found beneath trees, especially birches or firs. 

The beetle Rkagium bifasciatum (ray-ge-um by-fash-e-ate-um) 
shown in Fig. 172 develops only in the stumps of pines and other 
trees, from which the adult can be 
obtained by splitting the wood with a 
chisel. Certain beetles can live only in 
the bark of dying trees, in which the sap 
is drying out. The beetles [Hylurgops 
pdliatus) shown in Plate VI, were living 
in the trunks of larches that had been 
blown down in a gale the previous 
autumn. Similarly, various other insects 
(e.g.,_ butterflies and moths) which, 
especially as caterpillars, are restricted 
IP' 7, in their diets, can only be present in 

regions where the food plants grow. The 
presence or absence of the food plants 
themselves will depend on the soil, the rainfall, and other 
factors such as nearness to the sea and the slope of the land. 

The Large Blue Butterfly, which occurs in the Cotswolds 
and Cornwall, cannot complete its life cycle unless the cater¬ 
pillar is adopted by ants of certain species. The ants carry the 
caterpillars to their nests in August and feed them on ant 
larvas._ The caterpillars remain in the ants’ nests until the 
following June when they emerge as perfect adult insects. 
Hence, the Large Blue can only exist in areas where the appro¬ 
priate ants live, and also where wild thyme grows, for the 
newly-hatched caterpillars feed on the flowers of this plant for 
the first three weeks after hatching from the eggs. 

The presence of a large Wild Rabbit population may prevent 
certain plants growing in an area which otherwise would be 
suitable for them. Rabbits prefer some kinds of food to others, 
and certain plants they will not eat at all (e.g., bracken fern, 
elderberry, nettles), nor are they very fond of blackberry. It 
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is no uncommon sight, where rabbits are really abundant, to 
see stretches of hillside nibbled as close as a lawn. If small 
woods occur, these end abruptly, without the young trees and 
seedlings one might expect on their edges. This is because 
rabbits nibble off the seedlings before they have time to estab¬ 
lish themselves. In the open pasture, only those plants that 
can react to the constant nibbling by putting out fresh shoots 
along the ground, succeed in establishing themselves. 

That bracken is “rabbit resistant” accounts for the immense 
stretches of bracken-covered land throughout the country. 
Once it has become established, the bracken can rapidly extend 
its area by means of its underground stems, and there is nothing 
to check its spread. 

The wild rabbit is a good source of food for other animals, 
particularly foxes, weasels, and stoats. Rabbit droppings form 
a source of food ’ for certain beetles, and young rabbits are 
preyed upon by owls and hawks. 

It is easy to see that if there are many rabbits in an area, it 
is likely that there will also be correspondingly large numbers 
of these other creatures that feed on them. The series:—green 
plants—rabbits—foxes, etc., form what we call a Food Chain. 

You will be familiar with several food chains. The blue tits 
in the garden eat ladybird beetles, whose grubs in turn eat 
greenflies which feed on various plants. And the blue tits 
themselves are liable to be caught and eaten by hawks, and, 
in towns, by cats. So we have 

Man 

I 

Cow {Beef, 

Milk, and Cheese) 

\ 

Green Plants 

Plants 

You will have seen thrushes pulling worms from the lawn, 
or perhaps smashing snails on a large stone. Snails feed on 
green plants. So do worms, though not until the plants are 
beginning to decay, To take an example which concerns us 


Cats Hawks Foxes 

\ / I 

Blue Tits Rabbits 

Ladybird Beetles Green Plants 

i 

Greenflies 



296 PATTERNS OF LIFE 

more directly, men feed on cows, cither on the meat itself or 
on milk products such as butter and cheese, and cows feed on 
green plants. 

Notice that I liavc stressed that in each of these food chains 
the end link is green plants. Note also that each link is usually 
more numerous than ihe one feeding upon it. There are more 
snails than tiirushes, more rabbits tlian Ibxes, and more blue 
tits than liawks. You can work out food chains for yourself 
l)y observing what diflercnt animals eat, but to work out a 
food cliain completely is a dilTicult task. There are many side 
branches I have left out in the examples given above. Foxes 
eat otlicr creatures besides rabbits—field mice and young bird.s 
for cxtimple, and possibly also large beetles and earthworms. 
Some oi' these arc eaten liy owls, so that foxes compete witli 
owls li ir their food supply. You will realise tliat in any given 
ai'(;a the lives of a considerable number of diflerent plants and 
animals arc closely linked togctlu;!' through their food chain,s 
as well as in some of the; other ways I have described in this 
(lhapter. Refer to Fig. 160 for some of the food chains in ponds. 

An understanding of food chains is most important, for they 
bring out dearly that tlie food supply of all animals (and hence 
of man himsellj finally depends on green plants. That is the 
meaning of the Biblical statement: “All flesh is grass”. From 
this you will realise that agriculture is the human activity upon 
which man’s food supply depends. Farmers and larm workers 
are^ the most important people in the world, tliough usually 
liieir work is carried on quietly and without publicity, and 
they are not as a rule “celebrities” as are film-stars and 
politicians. 


I CHAPTER TWENTY-NINE 

I How Animals and Plants Pass 
the Winter 

W INTER is a season in which the majority of plants and 
^ animals find it difficult to live a normal active life. One 

rca,ion for this is the low temperature, frequently well below 
freezing point. Birds and mammals are warm blooded, i.e., 
tliey keep their body temperature more or less constant. The 
body temperatures of other animals, and all plants, are usually 
1;he same, or nearly the same, as their surroundings, and this 
complicates the lives of these organisms, for sometimes their 
l)ody temperature is high and sometimes it is low. In the case of 
animals, when the body temperature becomes low, activity is 
much reduced and, before freezing point is reached, they 
usually become motionless. Flics, for instance, arc very active 
on hot days but in the colder weather of autumn they become 
sluggish and are sometimes unable to fly at all. It is a general 
rule that the higher the temperature the more active a cold¬ 
blooded animal becomes, always with the proviso that the 
temperature shall not bo so high that it kills the animal, 

A simple experiment to show this may be performed with 
a supply of fly maggots which can be obtained from fishing 
tackle dealers or by exposing a piece of meat to become fly¬ 
blown. Divide the maggots into two lots in small tins. Stand 
one tin in the coldest water you can obtain (or better, if you 
can, place it in a refrigerator), and stand the other in warm, 
but not too hot, water, After a few minutes you will see that 
the maggots in the warmed tin are considerably more active 
than those in the cooled tin. 

Low temperature will not allow plant growth to take place 
to any extent, and frost may cause the formation of ice inside 
the plant’s tissues with fatal results. Of course, some plants can 
stand lower temperatures than others: geraniums and potatoes 
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are easily killed, wliereas winter cabbages and pine trees arc 
much more resistant. 

Animals and plants can be divided roughly into four groups 
according to the manner in which they pass the winter. The 
groups are:— 

(1) Organisms that make no change. 

(2) Organisms that become inactive, or hibernate. 

(3) Organisms that pass the winter in the form of eggs, seeds, 
or other resting stages (c.g., as pupa: in insects). 

(4) Organisms that avoid the winter by migrating to warmer 
countries. 

(i) No Change. In this group arc. such animals as the rabbit, 
fox, and weasel. They carry on active life as best they can. 
Rabbits may, during prolonged hard weather, find it difficult 
to obtain food, for as a rule they will not cat frosted green¬ 
stuff; and, if they do, it makes them ill. However, rabbits in 
autumn arc fat as a result of the food they have consumed in 
the summer, and usually manage to survive till the spring in 
spite of the fact that the food value of winter greenstuff is low. 
During bad weather they “lie up” in tlieir burrows. Foxes, 
which prey upon other animals—such as rabbits, frogs, beetles, 
young birds, mice—find these foods more difficult to get. Frogs 
are not to be found, nor are young birds. Beetles are scarce, 
and rabbits less numerous than during the later summer (be¬ 
cause many of them will already have been killed, and those 
Mt will have ceased to breed. Also, the rabbits left alive will 
in general be the most wary, since the incautious ones will 
usually be the first to be caught by foxes, hawks, and owls. 
The various mice cither sleep through the winter or remain 
hidden during cold weather and only go afield on mild days. 
It is this Scarcity of food that makes foxes more daring in winter, 
when: they skulk around human dwellings in the hope of find¬ 
ing a stray duck, fowl, or lamb. 

Birds that stay in England during tire \rinter—robins, spar¬ 
rows, blue tits, and blackbirds for instance, also find it a prob¬ 
lem to obtain food, and this makes them bolder than usual. A 
bird table supplied with scraps will soon attract numerous 
visitors. Even the bones my dog leaves in the garden are visited 

regularly in winter by blue tits and sparrows. 
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Birds do not seem to suffer unduly from the cold, as their 
feathers provide a blanket of air which, being a very bad con¬ 
ductor of heat, does not allow much warmth to escape. During 
very cold weather a bird fluffs its feathers so that it looks much 
fatter than usual. The effect is to increase the thickness of the 
blanket of trapped air. However, a spell of frost is quite a 
serious matter for birds, partly because then they cannot obtain 
a drink, and partly because such food as they may find is firmly 
frozen to the ground and cannot be detached by tlieir beaks. 

In winter, insects are scarce, though some pup® are to be 
found. Certain kinds of fruit are still available for birds long 
after the leaves have fallen from the trees. As I write these 
words (on Christmas Day), a starling is pecking at an apple still 
on the tree in my garden, and blackbirds have been busy eating 
rotting fruit under the tree. But, when the first frost sets in 
these will be too hard to be eaten. By Christmas, seeds are 
becoming scarce. 

In the rivers and ponds fiiw creatures are left swimming 
actively. Such fishes as roach, perch, dace, chub, and pike, 
remain active throughout the winter, but retire to the deeper 
holes in rivers and always seem to be hungry. At least it is 
common angling experience that, if one can find the holes 
where they arc lying, there is usually no difficulty in catching 
these fishe.s in winter—a very different proposition from the 
summer months. 

In the plant world, the evergreen trees, holly, pine, yew and 
conifers generally, show little change, though they do not grow. 
The main danger to these trees is that accumulations of snow 
may load down and break their branches. 

(2) Hibernation. Many animals and plants go into a state 
of more or less complete rest during winter. During this period 
of hibernation the living processes of the animal or plant are 
slowed down considerably so that little of their body food 
rc.'scrves is used. Very numy of the cold-blooded animals hiber¬ 
nate, and so do some of the warm-blooded mammals, though 
no bird hibernates. 

Among insects, hibernation of the adult is quite common, 
Certain mosquitoes hibernate in corners in cellars, and the 
Small Tortoiseshell Butterfly in an outhouse or garden shed; 
while the Great Diving Beetle buries itself in the mud at the 
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bottom of the pond' in -which it lives, and remains there until 
the next spring. 

In bumble bees and wasps it is only the young queens that 
hibernate; the rest of the colony dies out. In early autumn 
young queen bumble bees may be seen on grassy banks seeking 
for suitable holes where they may safely pass the wintei. Banks 
are probably favoured because there is little likelUiood that 
the soil there will become waterlogged, although, of course, the 
soil does become much wetter everywhere in winter. Queen 
wasps hibernate in a variety of places. Very often you may find 
them clinging to pieces of wood inside the garden woodpile, 
or behind boxes and similar objects in the garden shed. They 
take a hold with their jaws, tuck their legs and wings under- 
neadi their bodies, and hang motionless until revived by the 
warmer days of spring. In hive bees only the workers and 
queen survive the winter. The drones are killed by the workers 
in the autumn. When the cold days finally come, the bees 
inside the hive gather together into a tight cluster near to the 
top of the combs and stay thus until spring. They are not 
asleep and eat a considerable amount of honey, but in this 
way they contrive to keep themselves warm. 

Many fishes (carp, bream, and tench) bury themselves in the 
mud at the bottom of the water and remain there quite in¬ 
active. It is said that frogs also bury themselves in Ae mud 
at the bottom of ponds. I myself have found hibernating frogs 
securely hidden under piles of garden refuse, and others actually 
buried in the garden soil. One winter I counted twenty-four 
frogs in the ooze at the bottom of a barrel sunken in the garden. 
The barrel had been used for making liquid manure the previous 
summer. Newts and snakes find some sheltered spot (e.g., under 
logs or in holes at the bases of trees), but some newt larvae 
remain in the water throughout the winter. 

Garden snails creep behind stones or other objects and 
attach themselves by means of a gummy material. They then 
make a thin membrane (the epiphragm) across the mouth of 
the shell and remain thus until spring. You can easily watch 
the formation of an epiphragm by putting a Garden Snail into 
a jam-pot and covering the mouth of the pot. In a few days 
the snail will become fastened to the glass wall and you will 
be able to see the epiphragm. Some snails bury themselves in 
the ground during winter and tlien the mouth of the shell 
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i always faces upwards. Very often, as the weather becomes 
I colder a snail withdraws further into its shell and a new 
i epiphi'agm is formed underneath the first. A third and fourth 
I epiphragm may sometimes be added. Slugs, like snails, creep 
I into some sheltered spot, but they form no special protection, 
j Often they bury themselves in loose soil. 

I Among the British warm-blooded animals, hedgehogs, 
badgers, bats, and many of the “mice” hibernate, or at least 
sleep for long periods during the cold weather. During 
hibernation they do not keep their body temperature constant 
but allow it to fall to that of the surrounding air. Red Squirrels 
form nests or “dreys” in trees, often using the old nests of 
woodpigeons, and other birds as foundations. During warm 
spells the squirrels may become active and feed on stores of 
food they have hidden during autumn. Grey Squirrels do not 
hibernate at all and the difficulty of obtaining food in winter 
is probably an important factor in keeping down their numbers. 

Badgers retire to their underground chambers or “sets” and 
there lie in a snug retreat lined with dry leaf mould. The 


badgers waken at intervals for 
short periods of activity. In spring 
the bedding is changed—a kind 
of spring cleaning! 

' Hedgehogs hibernate in cosy 
beds hollowed out in moss or 
leaves, sometimes in old wasp 
nests. They do not often waken 
before April. 

Rather siinilar to the hibernation 
of animals is the state in which 
perennial herbs pass the winter. 
In many of these plants the over¬ 
ground parts die away, sometimes 
entirely or sometimes (buttercups 

' and dandelions) leaving a few 
leaves at the surface of the soil. 
Underground, however, there is 
always some living structure called 
the “stock”. This may be an 
underground stem, a swollen bud 
(bulb) or a swollen root, but what- 



Fig. 173.—Tuber of Spotted 

Orchis, Xh ' 
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ever its nature the stock is always full of some kind of food 
material which serves to enable the plant to grow again next 
year. The rhizome of the iris, tlie conn of the crocus’, and the 
tubei of the ])otato arc; good exani])l(;s' of undergrouiicl stems. 

The fact that they arc stems can be inferred from the presence 
of buds and reduced leaves. 1 ulips, daffodils and bluebells j 
provide cxcclleiit examples of underground buds. Orclri< 1 (Fig. ! 

173) and dahlia tubers are swollen roots, other examples of I 

winch are provided by Lesser CelandiiK; tulxjrs and rliubarh I 

• llicse swollen roots have, of course, one or more l 

buds from which growth of the overground parts start.s again i 
the following year. i 

Ihe various species of duckweed have a curious but most i 
successful method of wintering. As the water grow.s cold in 
autumn, the duckweed IVoncls become heavier by the forma¬ 
tion of much starch within their cells, until they are so heavy 
that the fronds no longer float but sink to the bottom of the 
water, where they remain until April or early Miiy of the 
next year. Then they become lighter again and float to tin; 
snrlace. This eiirioiis behaviour is easy to verify ])yk(;cpinjg .some 
Lcs,ser Duckweed in a jam-pot out of doors, DiiringOctoher 

and Nmnnbcr tiic plants will gradually sink. You mus^^ 

the pots outside alter this or tlie water may freeze solid and 
break the pots. Indoors, the plant.s come to the surhux; again 
in March. 

(3) Eggs, PuPAJ, Seeds. One may search in vain for speci¬ 
mens of Hydra during the winter moutlis became the active 
usually die in cold weather. However, before they die 
they produce eggs which, after being fertili,s'ed by sperms, pro¬ 
duce a hard case around tlicmselvcs and sink to the bottom, 
there they remain until conditions arc again flwom'ablc when 
they develop into new Hydras, 

^ Some of the small crustaceans (see p. 192) that dwell in 
fresh water (e.gn, water fleas) also produce .special resting egg.s 
m the autumn instead of normal eggs that would hatch at once. 

These resting eggs remain in the pond until the following 
L dwelop into new animals. In water fleas 
[Daphma] the females carrying the resting winter cm inside 
thein are much darker in colour than normal females, and 
should be sought m the autumn. 

Similar resting eggs arc produced by other small crustaceans 


HOW ANIMALS AND PLANTS PASS THE WINTER 303 

in summer, when the ponds in which they are living dry up. 
The resting eggs may then be blown about by the wind, a fact 
which accounts for the appearance of small crustaceans in 
almost any temporaiy pool of water. 

A number of insects pass the winter as eggs. The Winter 
Moth (Plate IV) lays eggs on the shoots of apple and other tree 
in November, December and sometimes January. The eggs 
remain thus until the warmer clays of March and April, when 
they hatch into caterpillans that feed on the apple foliage. 
Green-flics also pass the winter as eggs, although it is probable 
tliat, in .some species of aphids, adults also succeed in surviving. 
You will remember (sec p. 162) that aphids do not normally 
lay eggs but give birth to young apliicls. The aphids whicli 
hatcli in spring from the winter eggs give birth to young in the 
normal way. 

Many insects pass the winter not as eggs but as larvae or, 
more often, as pupae. You will frequently dig up caterpillap 
of the Cabbage Moth that have passed flic winter buried in 
the .soil, and the wireworra-“the larva—is the only form in 
which click beetles pass the winter. Adult click beetles all die 
in autumn, Most liuttcrflies and moths survive tlic winter in 
I the pupal state, thougdi we have already .seen that some do so as 

I eggs and others as hibernating adults. Dragonflies, and many 

1 otiier insects whose larvai live in water while the adults live 

I on land, pas.s the winter only as larvie, the adults all 

i 

i Annual plants die in the autumn, but, before they die, seeds 
i arc produced and scattered. As a rule these seeds clo not 
1 germinate until the next spring when the ground becomes 
warmer. Thus, these plants survive winter only as seeds. 
Biennials and perennials may also sow seeds that do not 
germinate until spring, though often the seeds of these plants 
(e.g., primulas) germinate at once and the young plants are 
1 able to withstami the winter. 

I (4) Migrants. Many birds, especially those whose main 
I food is composed of insects, leave the British Isles in autumn 

I and fly south to warmer lands where food is more easily avail- 

1 able. This habit of migrating has been dealt with in Chapter 21. 

I There is a good deal of movement of birds within the British 

1 Isles themselves. Many birds frequent the neighbourhood of 



PATTERNS OF LIFE 


304 

houses in the coldest part of winter, presumably because tliey 
find food easier to obtain there than in the open country. 
Other birds flock on to the salt marshes around the 
coasts, as these are less frequently frozen than other feeding 
grounds. 


KEY TO THE FAMILIAR OBJECTS IN FIG, 119. 



1. 

Elephant. 

IS. Yacht. 

29. 

Signal. 

2. 

Giraffe. 

16. Fish. 

30, 

Umbrella. 

3. 

Fish. 

17. Rifle. 

31. 

Revolver. 

4. 

Horse-shoe. 

18, Cup. 

32. 

Shoe tree. 

6 . 

Dummy. 

19. Pipe. 

33. 

Railway engine. 

6. 

Egg-cup. 

20. Nib. 

34. 

Lamp. 

7. 

Dog. 

21, Diabolo. 

36. 

Kangaroo. 

8. 

Rabbit, 

22. Wine-glass. 

36. 

Cricket bat. 

,9. 

Dog. 

23. Mushroom, 

37. 

Key. 

10. 

Camel. 

24, Dressing-table. 

38. 

Can. 

11. 

Fish., 

26. Snake. 

39. 

Axe. 

12. 

Duck. 

26. Speotaolos. 

40. 

Mouse. 

13. 


27i Tmmpot. 

41. 

Sword. 

14. 

Ball, 

28. Top. 

42. 

Set-square, 



43. Cat. 



! PART IV 

! 

CHAPTER THIRTY 

Things To Do 

TN this section of the book, I am going to suggest a number 
[ things that you can do. There are suggestions for activi- 

I ties you can carry on throughout tire year, either alone or in 
I co-operation with friends and these are followed by suggestions 
! for activities at different seasons, 
i 

V All the year round activUies 

f (i) A Nature Note-book. Whatever else you do, you mwt 
i keep a nature note-book in which to enter observations that 

f you make of natural history events, and in which you should 

} make drawings and paintings of things that appeal to you. 

i Make it a rule to write something in the book each day—a 

I record of the first buttercup seen in flower, the nesting be- 

i , haviour of birds, the appearance of a fungus on a tree or on 
I the lawn, the discovery of beetles in tlie body of a dead bird, 

I or anything else of interest. If you are constantly on the alert, 

j- you will find much to record, even in towns. For instance, a 

' boy I know noticed that, when the lime trees in Coventry shed 

j their leaves in autumn, it nearly always happens tliat the last 

I leaves to fall are the ones right at the ends of the branche,s. 
Here is a page from my own note-book, to illustrate my 
meaning. 

■March 20th, Hazel catkins out, and the female flowers showing 
1947. their red stigmas. They are late this year. 

March 23rd. A .smgle Ladybird beetle and several ground beetles 
were active to-day in the garden. I noted that crocus 
flowers close in the daytime when the temperature 
, ■ is'dow. 
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March 31st. In Corley Wood I oaino across a Kowan Tree (Moun¬ 
tain Ash) the base of whose trunk had been severely 
nibbled by rabbits. All the bark over an area of 
about 100 sq. inches had been nibbled away to the 
wood. There were signs also that bluebells had been 
nibbled some time earlier. Is this the result of food 
shortage due to the hard winter? I believe rabbits 
do not much care for bluebells. 

April ist. In Corley Wood I found a female earwig with forty- 
two eggs in a neat cluster under the bark of a dead 
stump. The eggs were pale yellow in colour, oval 
in shape. 

April 6th The rooks are building in Shropshire. To-day I 
to watched one stealing sticks from another’s nest, but 

April 12th. only in the absence of the owners. The roolcs came 
to the walnut tree in the garden and broke off twigs 
for use. I could ziot see whether the twigs wore live 
or dead wood, but in either case the strength of a 
rook’s beak must be considerable. 

April 10th. The Cuckoo is reported in the daily press as having 
been heard at Dulwich. 

April 16th. An Earthworm {Lumhriem temstris) was Idlling itself 
in a curious manner. The head end had started to 
go down the same burrow as that in which its tail 
was lying, and had become stuck. The result was 
that a loop of the middle part of the worm was left 
on the lawn and had dried up in the sun, because the 
worm could neither go down the burrow nor with¬ 
draw from it. As far as I can tell, the only worms 
that lie out at night on my lawn are specimens of 
L, temstris. 

Wood anemones close at night, as do crocuses. 

April 17th. Hive bees are working the Wych Elm for pollen, 
though this<6hould be a wind-pollinated plant to judge 
by the structure of its flowers. 

April 19th. T heard my first cuckoo at Baginton. This is nine 
days after the first one recorded in S. England. 

Early Humble Bees are working the daffodils. 

(i2) CoLLEQTioNs. Make Collections of i3omc groups of plants 
or animals, following the ihstructions given at various places 
in the text. I suggest you undertake one or more of die 
following: 


THINGS TO DO 307 

(a) Collect the plants found commonly growing in some 
deWte type of place, such as: 

(i) An oak wood 

(ii) A meadow, or ordinary pastureland 

(iii) Waste ground, commons, or heaths 

(iv) Hedgerows and ditches 

(v) On the stone walls so common in certain parts of 

Britain 

(vi) In the soil-filled cracks where pavements and path¬ 

ways join walls, in between bricks in yards, and 
similar places. 

(b) Make a collection of diy fruits and seeds. Each type of 
fruit could be kept separately, glued on to a slip of white card¬ 
board in the tray of an empty matchbox. You might concen¬ 
trate on one or more of the following types: 

(i) Fruits and seeds that are distributed by tlie wind. 

These would include the parachute types such as 
dandelion fruits and willow herb seeds, and the 
gliders such as sycamore, elm, lime, and ash 
fruits, and pine and birch seeds. 

(ii) Fruits and seeds which are dispersed by clinging on 

to animals by hooks. They include burrs, the 
fruit of burr marigold, goosegrass, agrimony, 
geums, and many others. 

(iii) The fruit of tliose plants that arrange for their own 

dispersal, either by having explosive fruit (gorse 
and broom), by squirting diem out (e.g., violets), 
or by shaking mem out when the stems are blown 
by the wind (e.g., poppies, snapdragons, blue¬ 
bells, and delphiniums). 

(c) Snail shells. If you collect snail shells, bodi land and 
fresh water, you will soon become aware that snails are quite 
particular in regard to their habitats. You will not find many 

i in pine woods, nor in fast flowing streams. If you live in 
i chaUc country, you will find many more types than if you 
! live in an area where die soil is sandy or clayey in nature. 
I The crevices in the bark of tree trunks are often found to yield 
I some of the smaller kinds of snails. 
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Snail shells may be kept on cotton wool in shallow tins 
(two-oz. tobacco tins are suitable), or they may be mounted 
with glue on white cardboard. In either case the date and 
place of capture, together with the name of the shell, if known, 
should be recorded. Before mounting a shell one should re¬ 
move the living contents. Kill the snail by dropping it into 
boiling water and then extract the dead body by means of a 
pin bent into a hook at tlie point. For the larger snails it is 
perhaps best to drown them in warm water (see p. 74) and 
then pull out the body by means of a loop of coarse string 
tied round the exposed part. 

Slugs are not easy to keep in amateur collections, but many 
of them have delicate flattened white shells hidden inside the 
rear end of their mantles. These shells are easily obtained witli 
the aid of a sharp pair of scissors and a needle, and may be 
mounted on cardboard blackened with Indian ink. 

{d) Beetles are a most interesting group to collect. You may 
decide either to collect beetles in general or those from some 
particular habitat such as water; or from fungi (nearly every 
fungus has one or more beetles associated with it—I obtained 
two species from the bracket fungus shown in Plate I); from 
the corpses of dead animals; from inside rotten wood; or from 
any of the habitats listed under (i). 

Unfortunately, many of the smaller beetles are not easy to 
name, even with the aid of a good key. Nevertheless, you will 
soon get an idea of the main types, and some of the larger 
beetles are quite easy to recognise from pictures. 

(3) A Jam-pot Zoo. A jam-pot zoo is a most desirable 
possession. All that is required is a shady spot, preferably pro¬ 
tected from rain, where you can keep a dozen or so jam-pots. 
About half the pots should have their open ends covered with 
fine cloth held in position by elastic bands or string. The others 
are to contain pond water with water creatures. Dragonfly 
larvae, water beetles, water boatmen, water snails, and certain 
caddis fly larvae may all be kept successfully, and various water 
plants, especially duckweed and Canadian pond Weed, will 
thrive. Cultures of the ^smaller crustaceans (Daphnia ■ and 
Cyclops) may easily be obtained by leaving leaves to rot in 
pond water. These smaller creatures can be used to feed 
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cultures of Hydra, Try to obtain both green and brown Hydras 
and the various lands of duckweed (sec p 36) ^ ’ 

. Bright sunlight should never be allowed to fall on creatures 
in jam-pots-it will almost certainly Idll them. Generally 
speaking, the jam-pot zoo is better kept out of doors, except 
m Ae coldest part of die year. The inhabitants 0/^0 
Will naturally change as the year goes on. 

^ Jtl “onth 

f your garden. Make a 

note whether the weeds am m flower, fruit, or only in leaf. 
Note also against each kind of weed whether it is abundant 
conimon, or scarce, and, where necessary, make a note of- 
I gardening operations that may have had an influence on the 

I weed population. The results may well be set out in a table. 

I Hcrej a survey of some of the weeds in my garden in 


PLANT 

STAGE 

NUMBER PRESENT 

Groundsel 

Flower and friiit 

Abundant 

Rosebay Willowherh 

Flower and fruit 

Common 

Greater Celandine 

Fruit 

Scarce 

JFoa Annm 

Flower and fruit 

Abundant 

Dandelion 

Leaf 

Scarce 

Sun Spurge 

Flower and fruit 

One specimen 

Broadleaved Willowherb 

Flower and fruit 

Scarce : 

Enchanter’s Nightshade 

Fruit 

Scarce 

Convolvulus 

Fruit 

Common in one 

Foxglove 

Leaf 

place 

One specimen 
under hedge 
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If you can arrange to exchange lists with friends in othp’ 
parts of the country, or even of your town, you will soon dis¬ 
cover that some of the weeds are common in nearly all gardens, 
while others grow only in certain areas. 

(5) A Study of the Life History of One Plant. Make a 
close study of the life history of one plant. Any plant will serve, 
but it will be an advantage to choose one of the weeds in the 
garden, or a plant that grows commonly near your home. 

The types of things to study and notice arc:— 

{a) Is your chosen plant an annual, biennial, or a perennial? 
You can decide this only by watcliing particular plants lor 
more than two years. 

(Ij) Make drawings of the plant’s general habit (i.e., its 
shape and manner of growth); of its leaves, buds and sterris; 
of any underground stems that arc present, and of its rooting 
system. Draw actual specimens. 

(c) Study the plant’s relation with insects, c.g., which in¬ 
sects visit its llowers? Is it infested with aphides, or frog hoppers 
(the insects that: make the frothy “cuckoo-spit’’), or ants, 
beetles, or caterpillars? Are galls ever found on it, luid if so 
what causes them? To decide these (piestion.s you will prob- 
a1)ly have to study a number of difl’erenl specimens of your 
selected plant. 

{( 1 ) Where does the plant normally grow, e.g,, in full sun¬ 
light or in shade; in dry or damp jilaces; in the open or in 
the shelter of other plants such as in the centre of a hedgerow? 

{e) Study the nature of the fruit. How many ^ seeds, on 
the average, arc produced from each flower? This will in¬ 
volve counting the seeds from a number of fruits. Then 
find out the manner in which the seeds are dispersed, and 
how many seeds out of 100 chosen at random actually ger¬ 
minate (see Fig. i<3i), ,.11 

Finally, study tlic structure and germination of the seeds— 
whether they are epigeal (i.e., their cotyledons come above 
ground, Fig. 130), or hypogeal (i.e., their cotyledons remain 
below ground. Grow some out of doors and see whether they 
are attacked by slugs, woodlice, birds, and other enemies of 
seedlings. 


3 n 

Make carclul drawings of the various items, with the aid of 
a hand lens if necessary, and keep careful records, so that, when 
you have completed your study, you will have a little booklet 
all about one plant. 

(6) Colour. At all times be on the lookout for examples 
of warning and protective coloration in animals (see Gh. 22). 
Winter is the time of greatest danger for most animals because 
then there are fewer hiding places, and food is in short supply. 
This food shortage causes many animals to take risks they 
would not take in times of plenty, hence it is especially in winter 
tliat most animals need to be inconspicuous, and you will find 
that the colours of many common birds—sparrows, blackbirds, 
and thrushes for example—harmonise very well with the bare 
branches and trunks of trees, or with the browns and blacks of a 
winter landscape. It is when a bird is resting, or feeding on 
the ground, that it has the greatest need of protective coloration. 

At other times of the year you will find much to think about 
in the colours of moths, fishes, snails, grasshoppers, frogs, and 
snakes. 

(7) A Group Activity. With other members of your natural 
histoiy society, you might prepare a large map of your district 
and insert such fiicts of biological interest as the following; 
whidi ponds are used by toads, frogs and newts for breeding; 
which particular kinds of newts are to be found in particular 
ponds; the species of duckweed on each pond; the sites of the 
rookeries (if any) in your area; the places where sand martins 
live; where particular kinds of plants are to be found; what 
kinds of fishes arc present in the various ponds and streams 
(information may usually he obtained from anglers), and other 
topics of interest. In towns, maps showing the kinds of trees 
planted in die streets and parks, are interesting. Any trees 
attacked by bracket fungi or galls could be specially indicated. 

Seasonal Actwiiies 

ITere are a few suggestions for things to do, mostly out of 
doors, at particular times of the year. You will find odier 
suggestions scattered throughout the text of diis book, and in 
some of the books in the list beginning on p. 323, 
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(i) December, January and February 

(a) Construct a bird table where you can easily see it from 
the house. Do not have it too close 
to a window, but about ten yards 
away. My own bird table is made from 
an old seed box with one side removed 
(Fig. 174). The removal of the side 
makes it easy to brush away fish bones 
and other things the birds do not eat. 
Provision the table regularly with scraps 
of food, and you will soon have a 
variety of birds attending. Try to 
identify your visitors from &e coloured 
illustrations in a good bird book such 
Fig. bw labls ^ Bwisiif tkWaydliadWoo^[tm 

made from a seed box. p. 326). Make a list of the Winter 
visitors you identify, and also observe 
how many more birds visit your table during spells of severe 
frost. 

[h] Construct one or more nesting boxes for tits. The boxes 
may be made out of ordinary packing case wood—the thicker 
the better. The hole should be the size of a two-shilling piece 
for Blue Tits, and of half a crown for Great Tits. 

Fix the boxes about five feet from the ground in shady situa¬ 
tions on the trunks of trees or in other suitable places. Make 
sure that cats will not be able to interfere with them. Usually 
tits begin nesting in April. 

(c) Combine with friends to plot the distribution of rookeries 
in a chosen area—say a radius of two to three miles around 
your house. In a country area, you may need to consult 
farmers, gamekeepers, the postman, and other such persons, 
for information, but vigilant observation from roads will give 
you much, A one inch Ordnance Survey map will be a great 
help, because it shows the situations of woods and planta¬ 
tions. Try to form some idea of the number of nests in each , 
rookery, and mark this on tlie map (say one dot for three nests), 
together with the kinds of trees in which the nests are built. 

(d) Make a study of the winter twigs of common trees. The 
excellent little pamphlet How to Identify Trees and Shrubs from 
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Leaves or Twigs (see p. 324), will assist you to identify any kind 
of British tree from its twigs. Make drawings of the twigs of 
the common trees, and add notes about the colour and nature 
of the buds, the shape of the tree, and the nature of the bark 
on the trunk. Practise recognising common trees from a dis¬ 
tance by their general outline against the sky. 

Towards the end of this period, take several twigs indoors 
and place them in water. At short intervals make drawings 
of selected specimens as the buds burst and the leaves unfold. 
This may take place a week or two before tlie trees out of 
doors come into leaf. 

(fi) In December and Januaiy search on the trunks of apple 
trees for female Winter Moths climbing to lay eggs on the buds 
(Plate IV) . If trees have been grease-banded, you may find 
several of the moths caught on the sticky band. If you are 
fortunate enough to obtain a Winter Moth place her in a jam¬ 
pot with a few fresh apple twigs and she will almost certainly 
lay thirty to forty pale bluish-green eggs. 

(f) Make a study of the problem “How do animals pass the 
winter?”. Search among piles of rubbish and heaps of moss, 
and under rotting logs and large stones, to find such creatures 
as snails, woodlice, spiders, and beetles. Occasionally, newts 
and frogs may be found. Split open the hollow stems of plants 
that have died down (such as delphiniums and lupins) and see 
whether there are insects hiding inside them. During suitable 
weather see what you can find with a net in ponds. On walks, 
look out for grey squirrels, rabbits, hares, and other creatures, 
and durmg warm spells note what insects are active. 

(g) Keep a look out for such plants as may be flowering. 
Poa annua (p, 30), hazel, shepherd’s purse, groundsel, dande¬ 
lions, early primroses and crocuses, and the ornamental shrub 
Daphne may all be found, though the actual time in anv 
particular year will depend on the weather. 

(2) March, April and May 

(a) As soon as the ground is in fit condition, plant a few 
shallots and half a dozen potatoes in a place where they may 
be dug up as required. The shallots are simply pressed into 
the firm ground, so that about half the bulb is underground. 
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They have a tendency to push themselves out of the soil, or 
to be pulled up by birds, and may require replanting once or 
twice. Dig one up after a fortnight, and others, at intervals of 
a month, until August. Examine and make drawings of each 
stage and by the end of this period you will have a good idea of 
vegetative reproduction in the shallot. 

The potatoes should be planted in a row, the tubers being 
placed about a foot apart and four to five inches deep. Keep 
two more potatoes indoors in the light, so that you may observe 
the early stages in the formation of shoots. Each month dig 
up a potato from the soil, and, during the earlier stages, make 
drawings of the complete plant. Later on, draw only sufficient 
to show the formation of the new potatoes at the tips of the 
underground stems. 

{h) Identify, and make a collection of, the insects visiting the 
spring flowers in your garden. 

{c) Plant in pots of soil some of the seeds or fi’uit of trees 
that you collected in autumn, and tend them until they grow 
into small trees. Suitable ones are acorns, “conkers”, sycamore 
fruit, and apple pips. Date stones will sometimes grow into 
little date palms. Make drawings of the early stages and note 
whether a particular tree seedling is epigeal or hypogeal (see 
p. 310), In the case of an epigeal seedling such as sycamore, 
try the effect of cutting away the cotyledons shortly after they 
appear above ground. 

{d) You can perform an instructive experiment on daffodils 
to find out whether pollination is necessary before the ovary can 
produce seeds. Choose four healthy daffodils growing outside, 
and obtain two waxed paper bags—the waxed containers in 
which corn flakes are packed are very suitable. To commence 
the experiment wait until the buds of the daffodils are just 
beginning to burst, when the tips of the yellow petals are just 
visible. Leave two of the daffodils alone, but open the petals 
of the other two and carefully remove the stamens, trying to 
avoid letting the anthers touch the stigmas. It does not matter 
about tearing the petals. At this time the anthers of the stamens 
should not have burst and there should be no pollen about. 
Place the head of each daffodil, from which the stamens have 
been removed, inside one of the waxed paper baigs, and fasten 
the mouths of the bags round the stems below the flowers with 


THINGS TO DO 


315 

pieces of string. The purpose of these bags is to prevent insects 
gaining access to the flowers and perhaps bringing pollen. 

When the stamens in the two untouched daffodil flowers are 
sheddmg pollen freely take a paint brush and dust it well in this 
pollen. Then remove the paper bag from one of the two daffo¬ 
dils with no stamens and rub the pollen-covered brush several 
times on the stigma of this flower. Next replace the bag. 

Leave all the flowers to wither. When the ovaries of the two 
untreated flowers are swollen and full of seeds, remove the 
paper bags from the two flowers whose stamens were removed. 
You should find that the ovary of the one that was dusted 
.with pollen is firm and swollen, and contains many seeds, while 
the ovary of the other, whose stigma received no pollen, is 
shiivelled and contains no seeds. The only difference in treat¬ 
ment between these two flowers was that one, which pro¬ 
duced seeds, had its stigma dusted with pollen, whereas the 
otherj which produced no seeds, received no pollen. Hence 
it is reasonable to suppose that the pollination was necessary 
before seeds could be produced. The two untreated flowers 
were pollinated by insect visitors. In order to make quite sure 
of these conclusions, the experiment ought,to be performed on 
very many plants. However, most people will be loth to use 
all the daffodils in their gardens for this purpose, and, if several 
friends perform the experiment separately, the combined results 
may be taken as convincing. The stamens are more easily 
removed in tulips, but tulips sometimes fail to produce seeds, 
even when pollinated., 

(e) Search in ponds with a net for dragonfly larva;. When 
you have obtained some, place them singly in jam-pot aquaria 
and feed them on small water creatures or on tiny pieces of 
raw meat tied to pieces of cotton. Do not leave meat in the water, 
or the water will become foul. 

Place a twig in each jam-pot for the larva to crawl up when 
it is ready to turn into a dragonfly. Some dragonflies, especi¬ 
ally if ill fed, require two years in the larval stage. , 

At this time collect and keep other aquatic creatures. 

(/) Frog spawn is available towards the middle of March. 
Take'a little and rear the tadpoles in a jam-pot of pond water. 
Feed them on water weeds at first, afterwards feed some on 
raw meat (e.g., chopped worms) and others on raW carrot. If 
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the tadpoles are too crowded, they will eat one another. 

_ You may also be able to catch newts in ponds about this 
time. If you have not a glass aquarium, place several males 
and females in a bucket of pond water together with some water 
weed. Feed them on small worms, small water creatures, or 
fly maggots. They will almost certainly lay eggs which will 
hatch into newt tadpoles (see p. 68). About June the adults 
will leave the water to spend the rest of the year on land, but 
many of the larvae will remain in the water until next year. The 
larvie may be transferred to jam-pots where tliey will be more 
easy to observe. They will feed on small crustaceans and 
other tiny pond creatures, such as are likely to be present in 
freshly-gathered water weed. 

^ Water weed (especially duckweed) should be kept in each 
jam-pot aquarium because green plants help to oxygenate the 
water, and the floating duckweed provides a pleasant screen 
from bright light falling from above. 

(^) Search in May for the young male and female cones of 
cypress, Thuyas and pine. 

(/i) Towards May examine oak trees for galls, especially the 
Currant Galls (p. 285) present on the male catkins. The cat¬ 
kins arc present only for a short time. The insects from many 
galls will hatch out if the galls arc kept in tins or jam-pots, 
but sometimes the galls shrivel and dry uj) if they are too 
young when gathered. 

(i) In April, queen wasps arc frequently to be seen, often 
in a drowsy condition when they may easily be caught. 

^'3 ) June, July and August 

This period is the one that has the most to offer to the keen 
naturalist. Insects, birds, and flowers, are especially numerous 

{a] Undertake a study of the manner in which the corpses 
of birds and other animals are disposed of in nature. The 
simplest way is to place fowls’ heads, or dead mice and rats, 
in the garden, protecting them from cats with wire netting, and 
to examine them at regular intervals. Various beetles will be 
obtained, as well as the maggots of several kinds of two-winged 
flics. The large Sexton Beetles may sometimes visit a corpse 
and bury it. 
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Samples of the maggots living in the corpses should be taken 
from time to time and kept in tins with soil until they pupate. 
Ultiniatcly the flies will hatch out, and often they will be mixed 
with smaller insects which have been parasites on some of tlic 
maggots. 

Whenever you come across a dead animal, always examine 
it to see what creatures are feeding on it. Most will be 
underneath. 

{b) Find a young tender shoot of a rose bush that has no 
greenflies upon it, and place it inside a specimen tube fitted 
with a cork. Transfer to it one of the fat greenflies that is 
walking about (i.e., not,feeding with its proboscis embedded 
in the plant’s tissues) elsewhere on the rose bush. The insect 
can easily be picked up on the point of a moistened paint brush. 
Examine the twig at intervals for about a week, counting the 
number of greenflies present each day. This will give you an 
idea of the rate at which greenflies reproduce. If you watch 
the original greenfly from time to time through a hand lens, 
you may, with patience, actually see a young greenfly born. 
Grccnlhcs lay eggs only towards the end of autumn. 

(c) Find a plant licavily infected with aphides and over-run 
witli ants. Watcli a particular group of aphides through a hand 
lens and you sliould S(;c! the production of droplets of honey- 
dew by the aphides. The honcydew is kicked away as it is 
formed (sec p. 292). Sometimes you may sec an ant approach 
an aphis and stroke it with its antemue. The aphis may then 
produce a droplet of honcydew and leave it to be sucked 
eagerly by the ant. Do not be impatient should you not see 
these events' immediately, lor they certainly do happen. 

{( 1 ) Make a collection of the bumble bees ancl cuckoo bees 
(fl'your area and take note of the flowers they visit. Note also 
as many as possible of the flowers visited by one bee on a par¬ 
ticular journey. Arc all those flowers of one kind? Examine 
a load of pollen from the hind leg of a bumble bee. Is it all 
of one kind? Try to find out those flowers that never seem to 
be visited by bees. Does their structure agree with what is 
written on p. 237? 

(r) Catch every wasp that enters your house throughout the 
summer, and find its species. Keep a record of the numbers 
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of the various kinds. You will probably obtain only two or 
three species. 

(/) Take an ordinary garden .snail and place it in a jam-pot. 
Cover the mouth of tire pot with paper or cloth and leave it. 
In a day or so the snail will become fixed to the wall and will 
produce a delicate membrane—-the epiphragm (.sec p. 76)—- 
across the mouth of its shell. This can be easily observed 
through the glass wall of the jam-pot. Alternatively, if the 
snail is left undisturbed, it will remain in the same place for 
a very long time. One such snail (that drawn in Fig. 41) which 
escaped from a box in my dining-room attached itself to the 
underside of the mantelpiece and was still alive a year later. 
If these resting snails are sprayed with water, they normally 
Ijecome active again in a lew minutes. 

Towards the end of June, mosquito larva; should be 
present in patches of standing water, in rain barrels and 
exposcxl water tanks. Try to obtain larvte of both Ckkx and 
Amphehs (sec p. 158). They are easily reared to the adult 
form in jam-pots containing pond water, and, if .sufficient are 
kept, you sliould see one or more adults actually emerge from 
the pupal case (see Fig. 84i). 

Place one or two larvte and pupa; in a small tube about half 
filled with water and try the effect of adding a drop of paraffin 
to the surface. Malarial lever is carried fi’om man to man by 
mosquitoes, and frequently in countries where it is prevalent, 
the mosquito larva; are de.stroycd by spraying paraflin on to 
water containing them. 

The paraffin film probably acts in two Ways, (i) it “wets” 
the inside of tlie breathing tube.s and invades the; tracheal 
system, and (2) impurities pre.sent in it poison the larva;. 

[h] Collect bunches of water weed from several places and 
put them in jam-pots with pond water. Examine the walls 
after a day or so and on some of them you should find a 
number of either green or browni.sh-white in colour. 
By feeding them with Cyclops and small Daphnia you can cause 
the Hydra to grow rapidly and produce buds which will soon 
separate from the parents as young Hydra. Witli a hand lens 
sec if you can determine whetlicr the buds have always the 
same number of tentacles as the parent. 
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Take a Hydra fronv a jam-pot with your pipette (Fig. 
and place it upon a plate. Gut it across into two parts with a 
razor blade and place both parts in a clean tube with a little 
pond water and leave it alone for a few days, You will then 
probably find that both parts have grown into complete Hydras 
—the part that had no tentacles having grown a new set. This 
process of growing missing parts is called regenmtion. In 
human beings the power of regeneration is slight, being limited 
to such minor events as the growtli of new skin over a 
wound. 

(i) Make a study of the “guide lines” on flowers (seep. 232). 
Find out flowers that have guide lines running to the nectaries; 
search for any that have “guide lines” but no nectar; and look 
for flowers that have nectar but no “guide lines”. From die 
above observations and by watching the behaviour of insects 
obtaining nectar from flowers, try to form an opinion as to 
whether “guide lines” arc really of any assistance to the in¬ 
sects in their search for nectar. 

(j) In July, search for colonies of Small Tortoise,shell Butter¬ 
fly caterpillars on nettles. The caterpillars remain in colonies 
until they are .about lialf grown. Th,c.se t;atcrpillars may easily 
be rcarca at home. 

In late August, or sometimes September, collect caterpillars 
of the Cabbage White butterflies from cabbages and similar 
plants, and from garden nasturtiums on which, in most town 
gardens, they arc usually very abundant. Keep a number in 
a large box until they pupate. You will find that very many 
of the Large Cabbage White caterpillars foil to do so; instead, 
twenty or thirty little golden cocoons of the parasitic wasp 
Apantdes will be formed around each dead caterpillar. The 
wasp,s will hatch out in due course. 

(A) July is a good month in which to study the reproduction 
of the Lesser Duckweed [Lmna minor). Take a single healthy 
frond and, after drawing it, allow it to float upon pond water 
in a jam-pot kept in the light, Draw it, on the same page, 
at intervals of three days for several weeks. At the end of 
this time your drawings should be a record of the way In 
which new fronds ai'e produced. . 

AI,so prepare jam-pots with cultures of as many of the other 
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duckweeds as you may luive. These arc to be Jett .staiKling 
outside in a shady place. (I find tliat direct sunlight kills tlie 
Ivy Leaved and the Greater Duckweeds.) Towards the end 
of autunm you will find that the plants sink to the bottom of 
the water and there remain all winter. Nmxt spring they will 
lloat to the top again. 

(/) If you have not yet obtained newt larva;, S(;arch in a 
])oiid witii a net. The larva; at this time will be delicate littk; 
creatures with four legs and a tuft of thr(;e lt;atliei7 gills on 
eacli side of the head. 

(?ft) Larva' of the ladybird beetles arc to be found on plants 
iiitiisted with aphides. By watching patiently you should lie 
alih; to see the larvfC feeding on tlic ajiliides. A good plan is 
to ])ut an aphis infested shoot, togetlicr with some ladybird 
larva;, in a small tulie. Tlien they may mon; conveniently b(; 
watched through a hand lens. Tupa: of the ladybirds are 
almost certain to be present somewliere on the j)lant. 

(«) Dig out ants* nests on to a sheet of wliite pajxir or a 

wliite clotli.-tlu; ant:s are unlikely to sting yon. You wHl lind 

various b(;(!ti(;s, mostly small ones, jiresenl: as guests in the 
nesis, Besides tlu; ],)cetl(;s you may find the small whin; W(Jod- 
louse mentioned on p. i!)2. 

At this period also keep a lookout for winged ants. Tlu;sc 
arc the kings and c|iu;cns (males and femah;s) and on eertain 
days they swarm from the nests in great nimib<;rs. 

{()) Coutiinu; your studies of galls. ifoi> Galls, Sijangle 
Galls, and Oak Apples are now to lie found on oak trees. Galls 
on other plants (willows, maples, sycamores, roses, and netik'S, 
for (;xample) are abundant. Try to lia(:e 1 i out the insects (rom 
the various galls, but bear in mind that tlu;y may not t;m(;rg<; 
\mtil the following year, and that not all galls are caused 
by insects. 

(/;) At this time of the year it is prolitaljle to collect in 
meadows, hedgerows, and similar place.s, wilb a sweej) net 
(ji. li). The net is swished about among the herl)age with 
quick firm strokes, and should yield ii ricli assortiuent of 
be(;tlcs, spiders, harvestmen, ants, grasshoppers, |)lant bugs, 
and similar creatures. ' 
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(4) September, October and November 

(fl) September is the best month to study the Garden Spider. 
Large females and their webs are usually abundant. Try to 
obl:ain a complete web on a sheet of glass as described on p. 186. 
Try also to deceive a spider by twiddling a piece of grass stalk 
in the web in imitation of a fly’s struggles. Often a spider will 
riisli towards the point of disturbance only to halt and retreat 
hastily as she discovers the deception. 

You may, by throwing live flies into the web, observe the 
manner in which a spiders deals with prey. As soon as the spider’s 
[Riison fang's sink into the fly, its struggles cease. The spider, 
if hungry, will then proceed to suck tire juices from the .fly, 
but if the spider is not hungry it will bind the fly in a swathe 
of .silk drawn from the spinnerets. As tire silk is drawn out 
the spider rotates tire fly rapidly with its hind legs. Such 
“wrapped” flies _arc frequently to be found in Webs. 

Perfiirm experiments to find out whether a spider is capable 
of repairing damage to the web. 

(b) At the end of September plant daffodil or tulip bulbs for 
the experiment in spring (p. 314). 

(r) During this period you should make a collection of 
rruit.s and seeds, especially of those trees that you may wish to 
grow in pots (p. 230). 

(d) Make observations on the eating of fruits and berries by 
hinls. As far as is possilrlc, find out which birds cat particular 
bt:rri(;,s. Search also in the droppings of birds for seeds that 
have; passed through the bird undigested. If you care to do 
.so, it is instructiw; to .spread the droppings of birds (collected 
with a .spoon) in plant pots full of soil that has been baked in 
the oven to kill any seeds it may have contained. Water the 
soil r(;gularly. Any plants tliat now grow will have come from 
.seeds present in the bird droppings. 

You may find that certain berries are not eaten at all until 
the middle of winter. Which are they? 

(r) This i.s the bc.st time of the year for collecting fungi. 
Make a series of spore prints as instructed on p. 52. You may 
also get an opportunity of finding out whether “toadstools” 
can withstand Irost. 
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Try to decide whether particular fungi are usually to be 
found growing near particular trees. To do this, of course, you 
will have to make frequent visits to woods. 

_ (/) Search for tlie matming cones of cypress, Thuya, and 
pine. ^ They will be green, as yet, but will presently turn brown 
and_liberate their seeds. (N.B.—Pine cones take three seasons 
to ripen fully.) 

[g] Try to grow some prothalli (p. 41) of a fern. The spore 
cases underneath the fern fronds usually ripen about Sep¬ 
tember. They are then deep rusty-brown in colour. Rub 
off a number of the spore cases with your fingers and sprinkle 
them on to a piece of broken plant pot small enough to fit 
inside the mouth of a_2-lb. jam-pot. The plant pot should be 
moistened. Now lay it on the ground in a moist shady place 
with the spore covered side uppermost. Cover it with the 
inverted jam-pot, pressing the rim of the jam-pot a little way 
into the soil. Leave it in this position, and in time you should 
find some small green prothalli growing upon the piece of 
broken jam-pot. If no fern prothalli appear, it may be because 
the spores were not ripe or that the situation is too dry. 

Another method is to place the piece of broken pot with 
spores on it at the bottom of a wide mouthed jar fitted with a 
screw-on lid (e.g., a honey jar) in which one or two small holes 
are punched. Just cover the bottom of the jar with water so 
that the broken plant pot is kept wet. Screw on the lid of the 
jar, and keep the jar in a light place, but away from direct 
sunlight. Do not allow the piece of pot to become dry. 

_ \k) Collect a number of fallen acorns and keep them in a 
tin. You will usually find a number of small white grubs 
emerge on to the bottom of the tin. These are the larvae of 
a beetle-a weevil that lays its eggs in the acorns. Try to rear 
them to the adult stage. 
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^^HE following is a selection of some of the books that I have 
^ found pleasurable to read or of assistance in identifying 
specimens. Many that are out of print may be obtained 
through libraries. If a particular book is not in a public library, 
it may be obtainable through the National Central Library. 

BOOKS PLEASURABLE TO READ 

(1) Life of the Wayside and Woodland, T. A. Coward. (Warne.) 

(2) A Year with Nature, J. E. Roberts. (Methuen.) 

{^) Wild Life through the Year, Morse. (Black.) 

(4) Nature by Day, A. R. Thompson. (Nicholson and Watson.) 

(6) Nature by Night, A. R. Thompson, (Nicholson and Watson.) 

(6) Life of the Shore and Shallow Sea, D. Wilson. (Nicholson and 
Watson.) Nos. 4,5, and 6, are fascinating books, excellently printed 
and lavishly illustrated with splendid photographs. 

(7) The Life of the Spider, J. H. Fabre. (Hodder and Stoughton.) 
J. H. Fabre was a very.eminent French naturalist of the last 
century, and has written many books, all of which will create 
enthusiasm in the young naturalist. Look in the library catalogue 
for other titles. A simple account of his life has been written by: 
Eleanor Doorly and is called The Insect Man (Heinemann). 

(8) How to Study Birds, S. Smith. (Collins.) 

(9) Birds of the Night. E. Hosking and 0. Newberry. (Collins.) This 
book is about Owls, and is illustrated with very fine photographs. 
One of the authors, Eric Hosking, is well known for his photographs 
of birds. 

GENERAL BOOKS FOR IDENTIFICATION PURPOSES 

(10) The Standard Natural History. Edited by W. P.Pyoraft. (Warno.) 
Deals with all groups of animals, and contains a vast amount of 
, information, but it is not restricted ,to British types. It is well 
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worth obtaining, if only to seo tlio 900 or more illustmtionfl and 
coloured plates. 

(11) The Gountnj Booh. K Golding. (Ward Locko.) Has clmptora to 
assist with the idontificaiiion of the commonest mombers of moat 
groups of plants and animals. In addition there aro diaptors on 
simple geology, astronomy, the weather, map reading, iirchitoo- 
tiiro, and other topics. Well illustrated with line drawings. 

(12) An IniroducMon to Zoology through Nature Study. E. Lulham. 
(Macmillan.) An csxoollent hook, full of information and ideas for 
tlio outdoor naturalist. It deals with all the groups of invortobrato 
animals present in Eritnin, but has nothing about vertebrates. 
Very fidly illustrated by lino and halEtono. A book to possos-s, 
if pi:)sail)le. 

(V6) Animal Life in IGrsh Water. H. Mellanby. (Mothuon.) A book to 
assist thoBo intorostod in the invortobrates present in fre.sh water 
to make partial identhication of spocimons. In moat ca.ao.s it does 
not take idontiheation down to the species. Illustrated with very 
clear lino drawings. 

(14.) A gunk to the study of Fresh Water Biology. J. A. and P. E. Need- 
Imrn. (Comatock Publishing Co., Now York.) This book is in- 
tondnd for studonta of American fresh water life, but the niimeroiiH 
keys ((lown k) gosnera) and lavish illustrations will bo of great help 
in the identification of the genera of British spedmons. T’hn higher 
plants living in fresh water aro omitted. 


BOOKS FOB, THK STUDY OF PAE'nClJLAR GEOOPH 

Plants 

M.0VV,13IllNG I-LANM 

(15) A Flower_ Book for the Pocket. M, Skene. (Oxford.) OontaiiiH 
coloured illustrationH and descriptions of most of our oonunou 
flowers. 

(10) British Flora, 0 . Bonnier, (Dent.) Consists of keys to tho British 
Flora. I’ho keys aro illustratod with lino drawings, hut aro not 
onsy for bogimiors to uso. bccauso of tho mnnerouH torms which 
have to ho oinploy<3d. Novortheless, for thoao who wish tn main- 
taiii a lifo-long hitorest in wild plants, using a flora is tho most 
desirable metliod of naming a flower. 


Timiss 

(11) McMtificMon of Trees and Shruhs, F, K. Malkins. (Dont.) In 
addition to the text there are keys. Illustrated with photographs, 

(18) Bow to Identify Trees and Shrubs from Bernes or Twigs. C, T. Prime 
and R, J, Deacook, (Hoffer.) This little booklet costs only Is. fid. 
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and contains two keys, ono for tho identification of trees in summer, 
the other for identification from the twigs in winter. It is illus¬ 
trated with lino drawings of leaves and twigs, and is simple to uso. 


li’EBNS 

(19) Wayside and Woodland Ferns. E. Stop. (Warne.) A good popular 
account of British forns. It is well illustrated and contains chapters 
on Horsetails and Club-mosses. 

MOSSES 

Mosses are a difficuH, group to study without tho aid of a rnicroscopo, 

(20) Study of Mosses in the LoMon Distriot. (School Nature Study 
ITnion.) This will lie of some help to thoao living in the London 
district. Also usoful is Woodland M.osses (Forestry Commission 
Booklet No. 1, Stationory Office, 28.) OTiia contains a short intro¬ 
ductory chapter on moss struoturo, followed by descriptions and 
photographs of 20 common species of woodlaiKl rnossos. 

FUNGI 

(21) How to idenUfy British Fungi. ,T. IT. Crabtree. (Epworth Press,) 
An introdnotion only, 

(22) Tho Romanco of tho Fungus World. Kolfo and Rolfe (Cliapman and 
Hall). A moat Htiinulating book, but not coucornod primarily with 
idontifleation, although a number of the commoner fungi are illua- 
traf)od by photographs. Well worth rending. 

(29) British Fungi, with a Ghaptcr on LieJiem. G. Maasoo. (Routlodgo.) 
Uaoful on account of tho oxcollont coloured illustrations of Die 
comtnonor spooios. Tho keys aro very difficult for those without 
special training. 

TLANT aAIJjS 

(24) British Plant Galls, E, W, Bwanton (Mothuon). An old book, now 
long out of print, but witli some good illustrations. 


Animah 

MAMMALS, AMPHIBIANS, AND Iim’TILISS 

(26) A Beast Book for the Foeket. E. Sandars. (Oxford.) Contains 
doscriptions and intorosting facts about domostic and farm animals, 
M well as wild animals, lllustratod in lino and colour. 

(26) A.nimal Ufa of the British Isles, E. Stop, (Warne.) Eostrictod to 
wild animals, but is splondidly illustrated in colour and half-tone 
with oxcollont photographs, 
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BIRDS 

(27) Birds of the Wayside and Woodland. Coward. Edited by Enj H 
Blyton. (Warne.) Coloured illustrations of all oui’ British Birds, 
and probably the best book of its kind for young naturalists, 


INSECTS 

(a) Butterflies and Moths. 

(2i) Simple Experiments with Insects. H. Kalmus. (Heinemann.) 
Describes numerous experiments on insect behaviour and physio¬ 
logy. Though some of the experiments are rather academic, others 
should appeal strongly to the naturalist. 

(29) Butterflies of the British Isles. R. South. (Warne.) Coloured illus¬ 
trations. 

(30) Moths of the British Isles. (First and Second Series.) R. South 
(Warne). Coloured illustrations of all the moths, and half-tone 
illustrations of many caterpillars and pupin. There are no keys, 
but the illustrations and descriptions are usually adequate for the 
identification of species. 

(31) The Caterpillars of the British Butterflies, W. J. Stokoe (Warne), 
Contains a section on rearing, and treats also the eggs, pupae, and 
food plants. Illustrated. 

(b) Dragonflies. 

(32) The Dragonflies of the British Isles. C. Longfield. (Warne.) Con¬ 
tains coloured and other illustrations of all the British species. 
There are keys, but they require some experience to be used 
correctly. 

(33) Collecting Dragonflies. A. F. O’Farrell. (Amateur Entomological 
Society Leaflet Mo. 12.) This is a most useful pamphlet on collect¬ 
ing and rearing dragonflies. It is well illustrated. Price 7d., post 
free, from C. B. Pratt, 1, West Plain Lane, London, E.16. 

(c) Ants, bees, and wasps. 

{di) Bees, Wasps, Ants and allied orders of the British Isles. E. Step. 
(Warne.) IJseful for identification of the bumble bees, cuckoo bees, 
and ordinary wasps. A good section on gall wasps. The other 
hyinenoptera can be identified only roughly. No keys, but very 
many illustrations, mostly in colour, 

(36) Wasps. British Museum (Natural History) Miscellaneous Publica¬ 
tion No. 44. Price 4d. An excellent pamphlet devoted to the genta 
Vespa. It contains descriptions of the wasps, details of the life 
histories and foods, and describes methods of control. One coloured 
plate and one half-tone illustration. 
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m The Hurdle Bee. V W.L.BMm. (Macmillan,) An old book now, 
this IS still a useful soiuce of information about bumble bees and 
cuckoo bees. The coloured plates are extremely good. Instructions 
are given for captiuing bmnble bees’ nests and keeping them in 
captivity. 

(37) British Hymenoptera. Buckhurst, Staniland and Watson. (Arnold.) 
An introduction to the structure and habits of various British 
Hymenoptera. It ia not written in “popular” style but is as simple 
ua possible without sacrificing accuracy. Keys are provided which 
mould enable a student to identify approximately most captures. 
There are some excellent photographs of set specimens, and also 
of insects that mimic Hymenoptera. 

(d) Beetles. 

(38) Field Booh of Beetles. J. R. Dibb (A. Brown & Sons). A book 
which enables one to name the more common beetles, chiefly by 
lueans of comparing specimens with illustrations. The situation 
in which a specimen was found must be Itnown. Hence the book 
is of value particularly to the field naturalist. 

British Beetles, their Homes and Habitats. N. Joy. (Warne.) 
Written by an acicnowledged authority, this book will serve as a 
very useful introduction to the group. Many species are illustrated. 

(e) Mosquitoes. 

(40) British Mosquitoes and their Control. British Museum (Natural 
Flistory) Economic Series No. 4 a, Price 4d. Has a key and descrip¬ 
tions of the British Species. 


SHDBRS 

(41) The Spiders and Allied Orders of the British Isles. T. Savory. 
(Warne.) 

(42) British Spiders, their Haunts and Habits. T. Savory. (Oxford.) 
Illustrated. 


MOLLUSCS 

(43) Shell Life, E. Step. (Warne.) 


EARTHWORMS 

(44) British Earthworms and how to Identify Them. H. Friend (Epworth 
Press.) A very small book containing descriptions of the British 
species, but although intended for beginners, it is not particularly 
easy to use. Illustrated. 
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wooniAoic 

(45) British Woodlioo. Sillem and Wobb. (Duokwortb.) Contains exaob 
lent descriptions and illustrations of the British spocias known 
in 1906 when it was writton. lii is now difficult to obtain. 


ItEPERBNCE BOOKS FOR THOSE WHTf BRlLOGICAI. 
TRAINING 

(46) British Plant Life. W. B. Tun-ill. (Collins.) 

(47) British Flora. Bontbnm and Hooker. (Roevo.) Two voluinos of 
illustrations published aojmratoly. 

(48) The Btudents HamlJmJs of the British Mossc.,s. H. N. Dixon and 
H. Q, .Tameaon. (Wheldou and Wesloy.) 

(4!)) A Pradkal Eandhook of British Beetks. N. Joy. (Wilhorby.) Two 
Volumes. Volvimo I consists of koys, and Vol. If, of illustratioiw. 

(60) British jints, H. Donisthorpo. (Routlodgo.) Keys and doscriji- 
ti(,)nH of spocio.s. 

(61) Texthaok of Knlonwlogy. A. D. Iinms. (Mothuon.) 

(62) British Bulte.rflks. TI B, !Ford, (Collins.) 

(69) Tho British'MMfiuiioes. J. F. Muraliall. (Brit. Mus. of Nat. History.) 
(64) British Bnails. A. E. Ellis. (Oxh.rd.) 

(66) Adnptim (hhration in Animals. H. B. (.btt. (Motluu.'n.) A corn- 
prehonsivo troatiriont, lavishly ilhistratcd with lino drawings and 
photograplm of a higli quality. 

(66) A Key to dm British Water Bugs {iixehdmg Oormdw). T. T. Macan. 
(Heientifio Publication No. 4. Freshwator Biologi(,ial As-soc. Is. fid.) 
N.B.—Alm piiblishud by tho satno AB,sociatiou is 

A Key to the, British Speoks of Corkidm, by T. T. Macan. la. fid. 

(67) Wild Fbwm in lldulion to Insects. Sir John Lubbock, (Mac- 
.milliin.) Long out of print (fourth edition in 1882). fjontains much 
information oorieorning pollination inochanisma. 


INDEX 

Numbere in heavy typo indicata that an illustration 
will bn found on tliat page. 


AcottN, 222, 2:i0, 264, ‘Hi 
and woovils, 1)22 
Jkchna, rectal gills of, 264 
Agdma luhyrintliica, 188 
Agricidtura, importaricu of, 296 
AifrioUmax, 82 
Algm, 78.268 
in liclionti, 291 
mjting HpoirtH of, 269 
AMohophom lomja, 90,94 
Altonration of goimratiiuiH, 286 -286 
AmplubimiH, 11, 12,66“'72. SVe (dm 
frog, newt, and toad 
Aniniid hm-bn, 247, 289 
doliiutii,iii, 246 
in winter, 909 
.inodontii eiigrm, 82-84- 87 
Anopheles, IS8; key toHiiocicH of, I69i 
roaring of, 918. Bee. also nioHijiiito 
Anthiphora ynlipos, 120 
Ants, and g,i’oonflii!S, 169, 292' 209, 
917; and Largo liluo catrapillar, 
204; guestH of, 920 
Annual M(,)adow (Irass, 90, 31, 92, 
Bee nl'iu I’oa anmw 
Aiauad riugfi, 251 
Apmiieks, 288, 2!)0,919 
Ajhidiw, I6I-162-I09; and ants, 
169, 202 A!).'!, 917; and Ladybird 
hl!(,itlOH, 920 

Apple, buds of, 24:8; fruit, 220, 2119; 

914; treo, 919 

Atpiaria, 271-279; jampot, 908 
ArtuibnidH, 10 

Arbor vitiii, 2S8. Bee also Thuya 
Arwaato', 70, 80, HI 
ArmmiUlldium depresswn, 198 ; 

197; putehellum, lilHi 
vulgare, 190,192,198 
Artbrojaids, 10 

Arum, (lollinidrion, 240, 241.242 

Ash, 246; Imds of, 248, 249, 250: 

Ht)WOiM,2f.2!jVait, 221.290,264 
Atipleunmlnilbifcrurn, 49 

lUiii'KarA,, 268, 269; root nodulo, 
291, 292 

Badgf'r, iii wiotcr, 301 
Baluntio of life, in ponds, 268-'271 


Balancers, at Diptcra, 153, bcl 
Banana, fruit, 220 
Itarlg 247 

DasidiomyceUs, 60-67 
Bats, 901 

Boan, Broad, 29, 246; genninatiou 
of, 225, 226; H(3od of, 229, 224; 
Dwarf, 20; Rinmor, 29 
Bedoguar, 287 

Buocli, bark, 248; Hoodling, 290 
BecebwoodH, 299 

Bees, Bumlile.andflowora, 119, 291, 
299, 294, 29(1, 298-239-240, 249. 
917| and kitten, 217; and Volncella, 
282; as pariiBitcn, 121; hiborna- 
tion of, 115, 900; koy to species 
of, 122-129; lifo liiHtiu'y of, 1 Hi¬ 
ll 5; luito parasitcH of, 290; 
Hiascios of, 124; irtruoturo of, 115- 
116-117-11 8-120; warning oolora- 
tiotU)L217 

H(S)M,Canlor, 119-120,125 
Boos, Cuckoo, 120-122,91.7; .Barbuts, 
124 -126; Jdcld, 124, 126; Four 

Coloured, 124,126; key to HpodeB 
of, 124 -126; Hill, 124, 126; White 
'failed, 126; Vestal, 120,125 
Biitffl, Digging, 120 
B()()h, Hiv( 5 , 229,294; drones of, 289; 

on Wych nlin, 906; wintering of, 300 
Bootroot, 246 

BeotlcH, 141-162; and floworH, 296, 
243; and potatoes, 277; aquatic, 
149 ■162;. lairk (Hyhrijops), 2114; 
Bloody Noh(!, 142; Braehelytra, 
142, 144, 145; Click, 148-14!); 
Olytus, 149; colhaHtig of, 162, 
908; Devil’s (taicb Homo, 145; 
Dor, 146; Dung, 146; g'lllfoming, 
287; (Iroat Diving, 150-151- 52; 
rcHpii’iithm of, 266; (.Irovmd, 141, 
142, 149,144; Ladybird, 144, and 
gm(!itlliiSH, 169; Laniellicorns, 142, 
146; parasitiHod by wiitas, 29()i 
Longmrn, 149, 294; lihaijiimi, 
294; 8 («ton, 146, 147, 316; key to 
species of, 148; Stag, 146; Wcovds, 
145, 922; Whirligig, ISO; wood 
boring, 204 
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Biennial herbs, definition, 246, 247; 
in winter, 303 

Birch fruit, 255; birch trees and 
fungi, 294 
Bird tables, 312 
Bird’s Nest Orchid, 293 
Birds, 12, 297; and butterfies, 218; 
as plant dispersal agents, 321; 
eggs of, 281; in winter, 298-299; 
of passage, 203, 207; residents, 
203-200; territory and migration 
of, 199-208 

Bithynia tmtaciilata, 73 
Blackbird, 204,298,299; colour, 311 
Blackberry, and rabbits, 294; fruit 
of, 221 ; vegetative reproduction, 
276 

Bladder Semia, 29 
Bladder Wrack, 261-262 
Blow-fly maggots, 272, 317; parasi¬ 
tism of, 288,289, 317 
Blue Tit, 204, 298; death-rate of, 
209; in food chain, 295; nest-box 
for, 312 

Bluebells, 209,246,302; and rabbits, 
306; germination of, 229 
Boleiw, 64 

Bonihis, list of species of, 124 
Bonihw hwtoniin, pollinating nas¬ 
turtium, 239 

Bombus temstis, life history, 113- 
116; parasitised by Cuckoo Bee, 
120-121; structure of, 115-116- 
I17-118-120 

BracMym, 142,144, 145,147 
Bracken, a rabbit resistant plant, 
294-296 

Bracket fungus, 64, 66, 293, 308, 
311 Plate I 
Brambling, 207 

Bream, 64; hibernation of, 300 
British Trust for Ornithology, 203 
Broom, 28,29,292 
Buds, 248-261; whiter, 248-249 
Buff-tailed Bumble Bee, 113, 116, 
120,126 

Buttercups, ,209; in winter, 301; 

reproductive urge of, 283 
Butterfly, Clouded Yellow, 136 
Large Cabbage White, 136; para- 
, sites of, 288, 319 , , 

Large Blue, 136; and ants, 294 i 
. Milltweed, 136 
Painted Lady, 136 V 
, Peacock,. 130; caterpillar of, 138; 
caterpillar parasitised, 289- 
290; wing coloui', 218 


Purple Emperor, 2,136 
Small Cabbage White, 126-133 
colour, 211; life history, 129-132- 
133; structure, 126-128-129 
Small Tortoiseshell, 136, 136,219; 
caterpillar of, 138, 319; hiber- 
nation, 299 
Swallowtail, 135 

Butterflies, and birds, 218, 219; and 
flowers, 230; diiferences from 
moths, 133-134; in winter, 303; 
preserving, 138-139-140; rearmg, 
136-138; shadow concealment by, 

Button Ram’s Horn Snail, 269 

Cabbaoe, 246; winter, 298 
Cabbage Moth Caterpillar, 303 
Caddis-flies, 270; egg laying, 267 
Caddis-worms, 261; respiration, 
264-265 

Ccesalpinia japonka, 28 
Camouflage, 210-217 
Canadian Pond W'eed, 260, 267 
{EMea) 

Carbohych’atoB, 268 
Carder Bees, 119-120,126 
Carnivores, 11 

Carp, 64; hibernation of, 300 
Carrot, 246 

Caterpillar, of Cabbage Moth, 303; 
of Plawkmoths, 138; of Largo Blue, 
294; of Largo Cabbage White, 319; 
of Looper moths, 137; of Peacock, 
138, 289, 290; of sawflies, 137; of 
Small Cabbage White, 128-132; 
of Small Tortoiseshell, 138, 319; 
parasitism of, 288-290; Privet 
Hawk Moth, coloration of, 211; 
warning coloration of; Cimiabar, 
217 

Cats, 216-210; ability to learn, 217; 
in food chain, 296; parental care 
in, 283; warning note of, 218 
Cedars, 266 
Oheeta, 12 

Cherry Gall, 286,287 
Cherry Laurel, 7 
GliortoMppu8UcolQr,no,ni 
Chiff-chaff, 206 
Chitin, 103 
Christmas tree, 261 
Chub,299 
Cilia,86, 

Classes, division into, 9-14 
Classifleation, 11-14 ' 

Click Beetles, 148-149, 303 
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Clover, 283,292 

Olytus arktis, 149 Plate VII 

Coal, 46 

Cook’s foot grass, 33 
Cdmtemtes, 101 
Coleoptera, 144. See beetles 
Columbine, 247 

Collecting, 4-8; beetles, 162, 308; 
butterflies and moths, 138-140; 
dragonflies, 179-180; fruit and 
seeds, 307, 321; fungi, 321, 306- 
308; mosses, 48; plants, 37-38; 
shells, 87-88, 307-308; spiders, 
188 

Composite flowers, 23,24 
Colour, in animals, 209-219, 311; in 
courtship, 219; in flowers, 209, 
234; in fishes, 69,216,311; in frog, 
71, 311; in grasshoppers, 174, 
311; protective, 216-217; varia¬ 
tion in Small Cabbage White, 128- 
129; warning, 217-219, 311 
Conifers, 266-268; in winter, 299 
Conker, 222,230,254, 314 
Convolvulus, 231 
Cork, 247,248 
Corks, bottle, 248 
Cork, oak, 247 
Coma, 164,166 

Corpses, c'lisposal of, 147,316-317 
Cotyledons, 20, 21, 310; of Bean, 
224-226; of Sunflower, 227; of 
Sycamore, 314 
Couch grass, 34 
Cox’s orange pippin, 238 
Crane fly, larvce, 262 
Crickets, 173 

Creeping Buttercup, vegetative re¬ 
production of, 277 
Crocus, flowers, closing of, 306, 306; 
vegetative reproduction of, 278- 

279,302 

Crustaceans, 10, 192-194; in winter, 
302. 

Cuckoo, 204, 206, 208; time of 
arrival, 306 
Cuckoo spit, 310 

Cuckoo Bee, Vestal, parasitising 
B.terrestris, 12Q~121 
Culex pipiens, 155, 156, 167; 

roaring of, 318 
Currant, Black, 246 
Currant, fruit, 220; taking cuttings 
of, 275-276 
Currant Gall, 286,316 
Currant Gall Wasp, 286,286 
Cuticle, of leaves, 269 


Cuttings, 275-276 
Gychps, 99, 193, 273 
Cylkikus convems, 197 
Oynwlurus, 12 

Cypress, 266; cones of, 266-257, 316, 
322; leaf decay of, 293; Lawson’s, 

256-257 


Bade, 299 

Daddy Long Legs, 153,154 
Daffodil, 306; fruit, 220; a perennial, 
246, 302; pollination experiment, 
314,316 

Dahlia tubers, 302 
Daisy-like Composites, 24,25 
Damsel flies, 176, 177; nymphs, 
178, 179, 264 

Dandelion, floral structure, 24-26; 
fruit, 220; and insects, 231; on 
lawns, 282-283; in winter 301; a 
perennial, 246 

Daphnia, 273, 302. See also water 
flea. 

Date seed, 314 
Delphinium, 313 
Devil’s Coach Horse, 145 
Dicotyledons, characteristics, 20, 
21-28; seeds and germination, 
223-229 

Diptera, 163-169; and flowers, 236; 
gaU forming, 287 

Dragonflies, 175-177-178-179-180, 
270, and flowers, 236; egg laying, 
267; in winter, 303; nymphs, 177- 
178,272; breathing of, 264 
Drawings, making of, 18 
Duckweeds, 35-37, 260; in aquaria, 
272; in winter, 302; key to, 36- 
37; reproduction, 274-276 ■ 

Bytism marginalia, ISO, 151, 162; 
respiration of, 266 

.EabiiY humble bee, 124,306 
Earth Star, 55,66 

Earthworms, 89-94, 280, 306; in 
food chains, 295, 296 
Earwig, 142, 166-170; breeding 
behaviour, 169-170, 306 
Eels, life cycle, 64, 66; in drying 
stream, 260 

Elderberry, a rabbit resistant plant, 
294; lentioela of, 248 
Elm, bark, 248; buds, 248; flowers, 
' 262 

Ehn, Wyoh, flowers, 262-253,306 
EMea, 2^1: 










Epciradiaikmaia, ISI-ISS, .18(5 
Epiphragm, 2C9, 3(10, 318 
Enslalin, 265 

Eye, compound, of insoots, lOf; 

simplo, of insoctfl, 104 
Equipment lor collociting, 4-S--8 
Equiseum amnse, 44“45-4(i 
Ewotmn, 50 

Ii'ajhy binos, 07-68 
I’ldso Acaoiii, 29 
Fiimilios, division into, 11 
Folia, 12; spocies of, 14 
PoniH, ati’uctun.; oi, 39-43; how to 
grow, 322; Aupknium, 43; 
llrackon, 42-43; (.loinmon Poly¬ 
pody, 42--43; Hiirt’B Toiiguo, 42, 
43; Maidonhfiir, 43; Miilo, 39 -41; 
pmtliidlua of, 41,44, 322 
Fortiliainpator, 270-271 
■Fortiliaiition, in pluntH, 19, 220, 
280; iutcnml, 281 
i'’i()l(lfari,), 207 
Field mice), 208,209 
,l<’igwoi't, pollination of, 242 
Firewood, 240 
J'’irH, 294 , 

FiHhos, ri9'(i6, 216; hibernation of, 
(14, 300; swim bladdur of, 2(10-2(11 
iFlics, nee. Diptem 
Fly Agaric, 294 

I*'lowor, Htriicturo of, composite', 23, 
24-2(1; I'ulip, 17-18-21; Wall¬ 
flower, 21 "“23 

]j’.lowori«g planta, 246; aoxual repro¬ 
duction in, 282 
Ii’lowors, 17-38 

Flowers, of trc(.!a. 246, 252-253-264 
Ji’lorots, 24 
Flour paste rccipo, 6 
I'^lycatohorH, 206 
FlyeatfiliOT, Spotted, 206 
h'ood chains, 296“29(t; in ponds, 2(19 
I'^orgot-rao-not, 236 
Fowl, and warning culours, 217 
Fox, in food chain, 296-29(1; in 
winter 298 

Frog, Common, 70, 71 , 209, 270, 
311; colour ohango, 211-212; 
eonceahuont,., 216 , ^7; dovo- 
lopmont of fortilisod ogg, 280 - 
281; hibomatiem of, 281, 300; 
spawn, 280,316-310 ^ 

Frog, Edible, 71 ; 

Fruit, doflnition, 20, 220; grass, 20; 
Laburnum, 27 ; poa flower family, 
27 , 28; Tuhp, 20; WalIfloweiv2l, 


22} Water Lily, 261; disposal by 
birds, 321. 8ee ako undor 
partioular plants 
Fwns semtus, 262 
vcsmlomia, 262 
Funaria hyqmmtrka, 4(1,47 
Fungus group, 49-68; agonta of 
decay, 208; association with 
trees, 293-294, 322; collecting, 
321 

Fungus, and booties, 144; and trcc.s, 
247; gall forming, 287 

Galls, 67, 284-287, 311,31(5 
Gamoto, doflnition of, 279 
Qammams, 194 
Qcaisler fimbruitiia, SS 
Ckmetridm, 137 
Gonora, 11 

Goranium, cuttings, 276; frost 
resistance, 297; nectary, 231, 232 
Gorman wasp, 103,106 
Germination, 224, 225,226,227 
(knin, 165 

Gill broathing, 203; in ouddis- 
worrns, 204-265; in dainnul lly 
nymphs, 204; in drono fly maggot, 
206 

GirdloH«ar,249-.250,261 
Ohmdphmm ('.omplamtu, 07 
JwlmuUht, 07 

Gnat, common, (55, 156, 167; 

retiring of, 318 
Goat’s Huo, 20 

Goosohorry, 246, 24(5; fruit. 22(1; 

vogotativo reproduction, 27(5 
Gorso, 28, 24(5, 292 
Grass, 39-36, 246; fruit, 222; 
gorniitaition of, 220; polliraition, 
230, 244 

Animal Meadow, 30,31 
Cock’s Foot, 33 
Couch, 34,36 
Italian Itye, 32,33 
Wild Barley, 34 

Grasshoitpors, and llowore, 230; 
looust, 172; LoiigHomed, 172-173; 
Sliort liomod, 170-172; (Iroimd 
hoiipors and Crickets, 173; key to 
main divisions of, 173 
Groat Diving Bootle, ISO, 151; 

hibernation, 299-300 
Great Tit, 204; iiost box for, 312 
Greater Duckweed, 35,37,32(5 
Greenflies, 100-161-162-163; and 
ontfl, 202-293,317; in food nhniiis, 
296; in winter, 303; protoetivo 
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colouring, 211; rate of reproduc¬ 
tion, 317. (lire aphides 
Ground Ivy, vegetative reproduc¬ 
tion, 277-278 
Gromuiael, 283 
Quedor rose, 234, 236 
Guide linos, in flowers, 232, 243, 319 
Gum ti'ftgacanth, 162, 109, 180 


Hwmopm mngumija, 9(5 
Huplidhalnmn danim, 190; moiV'w', 
190 

Harvofltraon, 189 
.Hawk moths, 236, 237 
Hawk moth caterpillars, 138 
Hawks, 207; in food chain, 296 
Hazel, biKls, 249; flowers, 252; 

pollen, 236; time of floworing, 306 
Hedgehog, hibernation of, 301 
Hedgo Parsley, 236 
Helix (wpma, 73,74,75, 70 
HdulnMa Hlmpmlw, i)7 
Ihmipkm, 1(10-106 
lieimpkm, 103--164 --165 
Imnwptem, 161-162-1(13 
Horhs, 240, 247; in winler, 301 ■302 
Hormaplirodito, delinition, 1)0 
HoroiiH,27() 

IhrptMdla aitiaduht, 90 
Homng, 59,60-02 

Ililiernation, 298, 291).303; bumltle 

Ixtes, 116, 30(); (ishcH, 04, 300; 
(.lin'd(.in ,Snail, liV, Hydra, 101 
Hiliim, 223 
Holly, 201) 

Honey Cap Agario, 293 
.llouoydow, 292 293,317 
Htmoy jar, use ns killing bottle, 7 
Hoiioysiickle, 236, 237, 238, 241) 
Hornet, 110; miniickod })y moth, 
218 

Horse Chestnut, huds, 248-249,2S0; 
fruit, m conkers 

HoisetailH, 44 -40; h'ielti, 44, 45; 

Giant, 40 
House flies, 0,10 

Hover flies, 169; larvie and greem- 
flioH, 103; rosemblanoo to iv'as[is, 
218 

Humming Bird Hawk Motli, 237 
Eydmtitrepandum, 54 
Hydra, 98-102, 279, 280; in winter, 
302; eoIioBtiug, 318; regeneration 
of, 310 

Ilydrmdra Maunmim, 1(|6 
Hylurgops palUalm, 294, Plate VI 


loiraEUMoN Wasps, 288, 290 
InlloroHconce, of grass, 32, 33 
Insect, structure of typical, 103- 
106; sotting boards, 8, 113; store 
box, 139, 140; long tongued, 22, 
23(1, 237; short tongued, 236, 237; 
water tight sldn, 2,69 
Insects, and flowm'B, 231-244; dis- 
tributiou ofl restricted by food 
plants, 294; gall forming, 286- 
287; in winter, 303; mating of, 
281, 283 

IiiHCct pattern, 9, J(), 103-105; 
compared with harvestmen and 
spidors, 189 
Insect pins, 8 

Inturdepondonco of organisras, 293- 
296 

Iris, 302 

Italian Bye Grass, 32, 33 

Ivy .L(.)aved Diiekwood, 36,272, 320 

.) AOK Snm'h, 207 

.lam pot,s, as rearing cagon, 6, 308 
.Icily fish, 101 
i) udai'i tree, 29 

IvMNTLSH K:N(.)mC, 208 
.Keys, modo of using, 14- 16 
Killing bottle, 7 
Knife, diHni,!i(ting, 6 

liAllISLLINO A imAWI,N(:!, 18 

[.aimriuim, 26,27, 28 
l,ai(!c-wingH, larvic and grceidlii's, 
163 

Liidyliird liei.itles, in food chain, 296; 

larva*, 320 
Lni'ches, 266, 294 
Large Blue .Butterfly, 294 
Large '[’(..irtoinesholl, 2 
Ltti'lcHpiir, 232, 233, 246 
Liiur(,*l IcavcH, 7 

Leaf si,iarH, 249,250,267; in Cvpj'oHs, 
266 

Ia)al,borja(*k(,it, 164 
Lcccb, ilori;i(,s, 95 ■4)(1; Medicinal, 96; 
key to Hpeeies, 96 

Lrguminmr, 25, 26, 27, 28; key to 
<,!ultivat(,‘il fomiH, 28-29 
I/r'guminous iilants, root nodules, 
291-292 

Lens, hand, 3; use of, 4 
kmm, (irrhkit, 37; gihhnsti, 37; 
ffliner, 37, 272, 274, 31!); peZyr- 
rhim, 37, !12(); lrmka,'M, 272 
Lenticels, 248,249 
Lessor (.kilmidine, 302 







Lessor Duckwood, 37, 272, 311); 
roprocluction, 274, 319; in wint(3r, 
302 

Lioo, plant, 160-1(13; of man, 290 
Ligia oceanm, 196 
Life history, study of, 310 
Ligule, 30, 31 
Umax, 82 

Limo, buds, 248; leaf fall, 306; linio 
flowers, 233,253; twig, ago dotor- 
mination, 251 

Lmnmpmgmr, 78, 79; stagnalk, 

Limpets, 261 
Lion, classification of, 13 
Little Auk, 207 
Live boxes (homo made), 4, S 
Lizards, distingiiishod from nowtn, 
69; watertight skin of, 269 
Lobster (flaw, 28 
Loch Craiglin, 271 
Locust (False Acacia), 29 
Loouet, 172 
Long Wonii, 90,94 
Longicorn booties, 149, 294 
Lousy Dor Ilcotlo, 146 
Ijunihrim Umslm, 89-90-91, 93, 
94,306 

Lung hooka, of spiders, 184 
Lupin, Garden, 29, !)13; a perennial, 
246; a pollen flower, 233; lliiwi'r 
of, 25; loaf, 27; root nodules, 291 - 
292 

Tree, 29 

Lycopmkn pirifornw, 55 

MAsaoTS. See blowfly 
Malaria, 167, 168, 318 
Mammals, K), 289,297; mating, and 
dovolopmont of emljryo, 281-'282: 
in food chain, 296; hibernation of, 
300 

Man, parasites of, 290 
Maple “boats", 264 
Marble Gall Wasp, 286 
Marble galls, 284-285, Hato Vlll 
Marigold, 24 
Mayflies, 270 

Mayfly nymph,, respiration of, 2(14- 

IbS , 

MmnemathahaBina, 172 
Metamorphosis, 172 
Mdopomothm cingandw, 197 
pmnosuSfW'.. 

Mice, 210; in winter, 298, 801 
Michaelmas Daisy, vegetative repro- 

duotion, 277 


Mieropyle, 223 
Mignonotto, 236, 246 
Migration, of birds, 202-208, 303 - 
304; arrival of sniurner residents, 
206 

of eel and salmon, 04,66 
Migratory routes, around llritish 
Islos, 206 ; of swallow, 207 , 208 
Mimicry, 218 

Mineral salts, in ponds, 268-271 
Mimiow, 62, 63 

Mitos, gall, 287; on booties, 146,290 
Mollusca, 10; brndvos, 82-84-86“87; 
key to fresh water bivalves, 87 
univalves, 82 
Monkeys, 219 

Monocotyledon, elmraetnristics, 20, 
30; the Tulip, 17-18 -21; grassc's. 
30-36; Hoods and germination, 229 
Mosquitoes, 154-155-169, 262, 27(1; 
hihornntiou of, 299; key to 
Anopheka, 169; provention td' 
breeding, 167-168, 318; larvie, 
rearing of, 318 
Mdshoh, 4(1, 47 , 48 
Moth, Carpot, 134 
Homot (flourwing, 218 
irumrning Dird llawk, 237-238 
Moths, din'orfmen from huttorllieH, 
133-134; night flying, and 
flowers, 236, 236; rearing, 136 
138; presoi-ving, 138, 139 , 140; 
hawk, 138, 236; in winter, 303 
Moulds, 49, SO 
Mountain Ash, 30(1 
Mmar, 49--60 
Mule, 13 

Mushroom, 6()--ftI, 62 
Mussel, Swan, 02 , 83, 84 , 86, 8(1, 87 
unio, 80,87 

Mustard, gonnination of, 227->228 
NAin OALH, 287 

Nasturtium, 232 , 234,237,246,246, 
319; pollination mechanisms, 238, 
239 , 240 

Nectar, 22,231,232,236,243,263 
Nature notobcKik, 306-306 
Needles, mounted, (i 
Needle-whin, 28 
Nepa, 163-164 
Nesting boxes, 312 
Not, buttorfly, 8; swoop, 8, 162,173, 
320; water, 8 

Nettle, 310; as rabbit resistant 
plant, 204{ vogotativo ropm. 
duotion, 277 


Nowt, Goinmon, 66-69, 72; egg 
laying, 267; larva, 68, 69, 320; 
Great Crested, 60,69, 72 
Palmate, 66, (19,72 
Nowts, 311; in bro(sllng noason, 219, 
31(1; in winter, 366; key to, 69 
Nightiugalo, 204, 206 
Nightjar, 206 

Nitrogon, 268; and leguiuinoii;; 
plants, 292 

Normal packing, of soil, 92 
Notoneda, 166; rcHpiration, 266,267, 
272, 8co uhn Water liniitinini 
(Groatfw) 

Niiphiir Ivknin, 261 
Nymph, damsolily, 178 179,264 
drogfuilly, 177-178,264 
grnsslioppcr, 171 
mayfly, 264: 

Oak, 246; hlirk, 248; flowers, 262; 
frnit, 222, 230, 264; galls nf. 2H4 
28(1, HKl. riate VUl 
cork, 247 

(>MkApplo,28(),l'lateVlll 
Obliterative cimutetHliailin}', priiici■ 
pie of, 213, 214; in lialies, 69 
Onion, a biennial, 246; gi'niiinafinn, 
229,23(1 

Onmna AadluH, 196 191 '492, l!)6 
Ojifircttlatii.HUuils, 77; respii'ulJim i,|', 
264 

Gittlimts, as aid tu ractignitinii, 210, 
211; mothods ef t'aneettliiig, 216 
Orehid, Dee, 236; Uird's Nes(,, ;!9.'(; 

.Spider, 2; «iio(,ted, 301-362 
Owls, 21)7; in food elaiiti, 296 266 
()rhHhel!H, 86, 87 
Grrlew, division into, 11 

I'AMsrrKM, delinitioii, 67, 2l!ii: if 
man, 296; tif potatu, 277; on 
nniiiiulH, 2H7, 266; wi piaiits, 281 
- 287 

l'iirHMitiHm,<ifHiimli!e]fe«'S,12() 121 
Itomtal eara, 283; in hltirwig, 166 
I’ea flowCT finuily, 25, 26 26; key 
to (iomiiitmly lailtivab'd, 28 26; 
Hymliiosis of, 262 
l’(^ft, rn’crliisting, 26 
gardi‘ 11 , 29,236, 246, 2H3 
sweet, 29,246 
PcaiHholk, 86, 87 
Petiieillin, 60 
I'fmidllmn ghumni, 61 ) 
noMum, 66 
I'OTch, 268,299 

Perennials, lierlrv ddiiiitiwi, 246, 
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247; in winter, 301-302, 303; 
woody, 24(1, 247 

1,'ei'onniai .Sunflower, vogotativo 
roprodnction, 277-278 
I’linasant’s 14yo, 2 
J'hilmyiamwhU, 196 
mvmmmi; 196 

I’lajHjihoresconce, in iishos, (12 
Pluispliorns, 268 
PhotoKynthesiH, 263, 267 , 268 
I'liylnm, dofinition, 10; of arthro- 
pods, 16; (if nuilhiKca, 10; of 
\'m'te!u'aiii.is, 10; cIushch of, 11 

I'imii mpw, 126.127, 128, 129-131, 

132 133 

I’ike, 261,268,299 
I’iguon, Wood, 246 
I’lUCH, 266; crincH of, 316; 322; Icsif 
decay of, 293; and ii7(«f/iwni bcotlc, 
294; frost rosiistanco, 298; in 
winter, 296 
Piintliu)ii, 86, 87 
I'ixy Clnp Lichen, 261 
I‘1(1 no tree, Iiai'k, 248 
I'hmwbiii, 76 
l■|nn^lrhili Hjnruhut, 259 
1‘liintH, making a colloction of, 37, 
38; as prinuu'y IViod I’lrodnoors, 
268, 296; uliiidy of life history, 310 
I'hilgaHhrm ImIJnmmitgiiU, 192, lOd, 
326 

l‘Iuinrili*, 224 

Pwi minim, 30 31-32, 313; repro¬ 
ductive urge, 2H3 
Piiilim, 262 

I'ollen, 18; and insoetH, 233, 236- 
243, 282; of Cypress, 257 
Pollen bitHkel;, of licett, 118,119,233 
Pollen tnlM*. 22(1, 282 
Piilliiiation, 23(1-213; cross, 244; 
(•Hperiment on Daffodil, 314; in 
eonifew, 267, 306; nf Ariffli, 240 
241;of NaHlnrti«m, 234, 238,240; 
nfPigwort. 242;self, 236, 238,244; 
wind, 32. 236, 244,‘262 
PiiIiuhhHhw vulgari', 43 
PnljihkhuM, AT, 48 
PiKtdfikftbira, 165 

I'oniHfttimllgardeii, 6 
poplar, 248 
Pujipy, 233 

hrm, 197 
pwtm, 197 
rnf/d’ct, 197 
riitdnirgii, 197 
mdirr, 196 
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Poi'o l)eai'or, Basidiomycotes, C4, 55 
Potassiiun, 2(i8 

Potato, vogotativo roprodnotion, 
27(1-277; iroat roaistanco, 297™ 
208; tubor, .‘102; planting of, 
Pi'imroao, 245 
Pi'imnla, 30!! 

Prothallns, of foms, 41, 44; how to 
grow, 322 
Pi'otoina, 208 

Psithym, 124, Sec aha Puekoii 
Pooh 

Ptarmigan, 211 
Ibdfball, SS 

I?iipn, of Small Cnblmgo White, I'il- 

132-133 

llAnniTft, 215, 300; as chock on 
pliintfl, 294-295; wintoring of, 2i)H 
Kadido, 224 
iiasphony fruit, 221 
Kat-tftiled maggot, 265 
Kata, 2II 
E(Miririg cage,a, fi 
Ilodwingfi, 208 

Ih'gcnoration, in llydm, 100-101, 
319 

Koprodufition, nsoxual, 274-279: in 
unimalf), 278-279 
in (IntikwftcdH, 30, 274, 275; in 
groonfly, 102-l(i3; in Hydra, 100 
in brnckon, 2!)5 

by «utting.‘i, 275-270; in Hydra, 
319 

Roproduotitm, Hcxiud, in heoticH, 
143-144 

Invttorillofl, 129-.lli3 
Inimblo boes, 1I3-115 
carthworma, 93 
iiarwigH, 109-170 
frog, 70 

Garden Snail, 70 
Hydra, m, 302 
InoohoH, 90 
nowta, 08 
plants, 19 
Hlug8,81 
anaila, 70 ^ 

HtidclobackB, Oil 
Swan Musaol, 85 
wasps, 108-110 
Reproductive urge, 282-283 
Roptilofl, !!, 12,25^ See also snakes 
Resident birds, 203-206 
Respiration, of aquatio organisms, 
203-268/ , : . 

Bhayium bifmialum, 294: 


Rhubarb, 24(1, 302 
Ringworm, 57 
Roach, 299 

Roliiu’s Pin Gusliion, 287 
Robins, 298, and territory, 199-202; 

rod breast of, 219 
Rodonts, 11 

Rose, and groonfly, 317; a pollon 
llowor, 233; fmili, 220; galls of, 
280, 287 

Romo, rambler, taking cuttings of, 
270 

Roho Gall Wasp, 287 
Rooks, 204, 245; laiilding bn* 
luiviour, 300 
Ronkori(5H, 311, 312 
Root Gull, 280 

Root hairs, 227 , 228, 293; in trees, 
24-7 

Rowan tree, 300 
Rudd, 201 

Riinnor honn, 29,243 

Nat.mow, (15 
.Sand mnrliins, 311 
SaprophyliCH, dollnitifni, 57 
Sargasso soa, 05 

Sawily, cahs'piliars, 137; willow 
gall, 287 

Scorpion .Sonrm, 29 
Scold; Pine, Hoods, 229 230; pollen, 
230, 250, 257 
Scalpel, licmio-iimdo, S, 0 
Sea Antmioim, 101-102 
ScnguHs, 200 

Soasonal activitios, 311-322 
Seeds, 19, 220 -230, 282; inuobell, 
229; conifoi’H, 230; dieots, 29, 
223 *228; mdiKionts, 20, 227; 
Wallflower, 21,23 
.Solf.storility, 238, 244 
Hotting boards, 8 

Soxtoii hootliw, 140, 147, 31(1; key 
to, 148; Hpo(!ieH of, H7-148 
Shadow ituncealmerit, 217 
Shallot, vegfitnth’o roumduetion, 
270,313-314 
Shophord’s Piirsn, 283 
Shrimp, freshwater, 103,194 
Shraba, dofinition, 24(1,247 
Skokholm, 208 
Slug, AgHoUnm, 82 
t'omnaion Block, 79,80,81,82 
Keeled, 81,82 
lAmaat, 82 

Slugs, 79, 80, 81, 82, 277; in winter, 
300; key to genera, 82 
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Snail, Common Pond, 77,78 
Garden, 73,74,75,7(1 
Rum’s Horn, 78; triimpot, 78, 79 
Wandoring, 78,79 
formation of opiphragin, !I18 
in food diain, 296 
in winter, 300 
oporculntu, 77,204 
water, 70-79,202,280 
Snakcij, 210; CKjlouring for (ioinaad- 
mout, 214, 215; oggs of, 281; in 
winter, 3()0; warning note, 218; 
Viper, 280 
iSnako’ti Ifraid, 2 
Snapdragon, 243 
,Snow Bunting, 207 
Song, viHB in ddbnco of bird terri* 
toiy, 200; uso in pair formation, 
201 

iSong thrush, 204 
BpangloGnll, 285-280 
Spanglfi Gall Wasp, 285- 280 
Sparrow, houso, 204, 298, 311; 

chasing buttorily, 218 
Spooics, division of genus into, 13; 
naming of, 13, hi; continuation 
of, 282 

Hplumum, 86, 87 
Spiders, 9, 19,181-188 
Ayi'linn lahyrinlhka, iHH 
Black Wir low, 183 
(Ajbwob, 188 

Garden, 181-182-183 -184 IBS, 
180, 321; web of, 184 -18.5, 188 
Hoiifio, 188 
flumping, 180-187 
Water, 188 
Wolf, 180,187,1B8 
Splfhir Orchid, 2 

Siumi iiDarors, BiwidimycekH, 54 
Spotted Owihid, 301 "392 
Sport's, itrat'koi fungi, 55; Eurotium, 
51); htu'sctail, 'hi; ft'rnii, 4(M1, 
270; fungi, 50-60, 58, 270; 
mosses, 47, 48, 270; Mwof, 49, 
60; Musliroom, 51; PenkUliim, 
60; poro laHircrs, 54, 56; spintt 
beurers, 54; toadtitoolH, colour of, 
52; nunibor of Hporcs in fungi, 
52 

Sporo prints, 52,53 
Spring activitios, 313-310 
Spriiigtail, 202 
SprucoB, 266 
Squirrote, 301 
Stag beatlo, 140 
Stomlmode, 242 


Starfish, vogotativo reproduittion, 
279 

Starling, 204, 290 

Strnwherry, vegetativo rupTOtluo 
tion, 277; fruit, 220 
iStittklohiutk, Common, 62, 03, (i4, 
208, 28;!; in breeding sfiiisioii, 03 
219; 'l'(»u .Spined, (13, (i4 
Stinkliorn, (,'ommon, 56 
Stoat, 211 

Struggle for oxistt'nco, 20!) ■21(1 
Sulplmr, 208 

Summer reHidtiuts, 2()4:”2()5 
Sud'aco tciiHion, 201-203 
SwallowH, 204, 205, 208; migratory 
route (O’, 207,208 
.Swim blailder, 2(i0, 201 
Sycamovtt, fruit, 222, 230, 314; .Nail 
(JallH, 287 
SymbioHis, 29()-2S)3 

'l.’Am'or.i';M, frog, 201), 280-281, 315- 
310, ami o-sygen, 208 
newt, 68, (It) 

'I’cncli, (M; hiliitniation of, 300 
Territory, in bin 1 life, 198 ■■202, 200 
'l'lirec-hi,)mcd Dor beetle, 140 
'I’liruHh, in food chain, 295-”29(i; 
coltiur, 311 

d'huyu, 258; tionoft of, !IU1, 322 
'I'igron, 13 

Tifc,Blui', 204; iloath-ratoof, 209; in 
iboti chain, 295; noHt-hos for, 312 
I irt.nt, 204; .noHt.box fur, 312 
Toutl, Uimuuon, 71-72 
Niittorjaitk (GtddoriBaclc), 71 “72 
Toacls, 311; egg laying, 207 
I'tiuilMtooiH, 62, 53; in fairy rings, 
67, 58; (WHOciatotl with trciiS, 294; 
fniHt rosiHtanco, 321 
Tobtu'tio flower, 235 
'roimito, fruit, 220 
TortuhiimmlUtAB 
Triichcia, of iiiHocts, 106,155 
Tret'S, 245-2.58; doliimtl, 2't0-247i 
llowera of, 262-2S3'255i root 
Itaira of, 21)3; winter twigs, 248- 
249 *250 251 

coniformirt, 256-256™257-258; in 
winter, 299 
dooiduouH, 240-258 
Tri«hwmmde« mrm, 100 
Trifdmimm pmillm, 196 
mm, 100 
widw, 190 
TrUurm, Hpcoiea of, 72 
Trout, 280 






Trumpet snails, 78,79 
Tulip, bulb, 302; nectaries of, 231; 
a perennial, 246; no soent, 235; 
structure, 17, 18,19-20, 220, 234; 
■ sterility of, 316 

Vnio, 86 , 87 

Vasculiun, 6 

Vertebrates, classification of, 10 
Vespa, 285 

(jemanica, 103, 106-110; 

106 

species of, 110-112, See nho 
wasps 
Viola, 237 

Violet, nectary of, 232 
Viper, birth of young, 282 
Volucella hombylans, 282 

WALLifLOWEB, 21-23, 220, 231, 234 
Wasp, Common, 106,110,112, 210 
German, 106-106-110 
Hornet, 110; 111 
Ichneumon, 288 
Norwegian, 111, 112 
Eed Legged, 110, 111 
Tree, 111, 112 
Wood, 111, 112 

Wasps, 317; coloration of, 217; 
hibernation of, 300; gall, 286-287; 
key to the species, 111-112; 

' parasitising maggots, 288-289 
Water, as a medium for life, 260-271 
Water Boatman, Lesser, 164, 262; 
respiration of, 266 
Greater {Notoneeta), 166, 262; 
respiration of, 266-266-267 
Water Moa, 193; in winter, 302; as 
food for Hydra, 99 
Water Gnat, 165 
Water Hens, 270 ‘ , 

Water Lily, Yellow, 261 ; air spaces in 
petiole, 263 


Water Scorpion, 163-164, 202, 272; 
egg laying, 267; respiration of, 
266 

Water Starwort, 260 
Water Stick Insect, 164 
Waxwing, 207 
Woods, 309 

Weevils, 145; from acorns, 322 
Weasel, 298 
Whales, 260 
Wheat, fruit of, 222 
Whirligig beetle, ISO 
White Dead Nettle, 243 
White Letter Hairstreak, 2 
Whitothroat, 204, 206 
Wild Barley, 34 

Willow, catkins, 263-264; galls, 287 
Winter, plant survival, 246 
buds, 248,249-250,261 
reaidonts, 206-207 
studios, 312,313 

twigs, 247,249, 250-251, 312 -313 
Winter moth, 303; 313 
Wiroworms, 149, 277, 303 
Wistaria, 28 

Witches’ brooms, 67,3,287 
Wolf Spider, 187-188 
Wood Anomono, 300 
Woodlouse, 9,10, 190-191, 192 
Common, 190-192 
Garden Slater, 190-192 
Woodlieo, koy to genera, 194 •1(16 
species of, 195-198 
Wrens, 204 
WyoliElrn. Nee Mm 


Yuast, 67 
Yellow fever, 167 
Yellow H'ammor, 204 
Wagtail, 206 
Yew, 266, 299 


ZimiA si'iDKit, 186 -187 
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